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For the first time silver wire electrodes have been coated with carbon nanotubes using 
floating catalyst chemical vapor deposition (CVD) method. The production of CNTs has 
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been conducted in a horizontal tubular reactor. Acetylene gas was used as a carbon 
source. Ferrocene has been used as a catalyst precursor for the growth of CNT. Different 
parameters have been optimized to get a high yield of CNTs and ensure their growth on 
the silver electrodes using univariate method. The parameters studied include the 
hydrogen flow rate, acetylene flow rate, temperature of the furnace, time of the reaction 
and the location of the electrodes in the reactor tube. The optimum conditions for those 
parameters were: for hydrogen and acetylene, the flow rates were 25 mL /min and 75 mL 
/ min respectively. The furnace temperature was found to be 700 °C and the reaction time 
was 15 minutes. Regarding the location of the silver wires it should be located in the first 
10 cm of the front side of the tube. Scanning electron microscopy (SEM) and transition 
electron microscopy (TEM) have been used to characterize carbon on silver electrodes. 
According to the experimental results, TEM figures show that CNT produced on Silver 
wire is multiwall carbon nanotubes MWCNT. 
Silver electrodes either pure or coated with CNT were used as indicating systems in 
micro titration using both dc differential electrolytic potentiometry (DEP) and mark-
space bias DEP techniques. All types of titrimetric reactions were investigated using 
different types of electrodes like Pt and gold for oxidation reduction titrations, antimony 
electrodes for acid base titrations, silver electrodes for precipitation titrations in addition 
to Ag-CNT electrodes. End points at volumes of 1 µL were determined. Different 
parameters were optimized like the current density, the percentage bias, the volume of the 
sample and the concentrations of the reactants. Microtitrimetry has been applied on 
several types of analytes; Ferrous, Ascorbic acid, chloride, Cyanide, Sodium Bicarbonate 
and Ketoconazole in aqueous and non- aqueous medium. The performance of Ag-CNT 
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electrodes was found to be much better than the normal silver electrodes. The differential 
titration curves obtained were symmetrical with significant heights.  For silver electrodes 
coated with CNT the first derivative of the potential was found to give better curves than 
the normal differential curves, hence the end point location was successfully achieved.   
A micro liter injector that can deliver volumes at a micro liter level was designed and 
fabricated. Microtitrimetry which requires volumes of reagents at the micro liter level can 
offer a solution to the large consumption of reagents in all classical titrimetric processes. 
Hence, large savings in reagents as well as less waste will reach the environment. 
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ﻡﺍﺩﺧﺗﺳﺈﺑ  ﺯﺎّﻔﺣﻟﺍﻡﺋﺎﻌﻟﺍ .ﺝﺎﺗﻧﺇ ّﻡﺗ ﻭﻧﺎﻧﻟﺍ ﺔﻳﻧﻭﺑﺭﻛﻟﺍ ﺏﻳﺑﺎﻧﻻﺍ ﺔﻳﻲﻘﻓﺃ ﻲﺑﻭﺑُﻧﺃ ﻝﻋﺎﻔﻣ ﻡﺍﺩﺧﺗﺳﺎﺑ. ﺩﻘﻟﻭ ﺃﺗﻳﺳﻻﺍ ﻡﺩﺧﺗﺳ ﻥﻳﻠﻳ
 ﺭﺩﺻﻣﻛﻭ ﻥﻭﺑﺭﻛﻠﻟﻥﻳﺳﻭّﺭﺭﻔﻟﺍ  ّﻔﺣﻣﻟﺍ ﻝﻣﺎﻌﻠﻟ ﺭﺩﺻﻣﻛ ّﺗﻠﻟ ﺯﻝﻋﺎﻔ. ﺔﻘﻳﺭﻁ ﺕﻣﺩﺧﺗﺳﺍﻭ ّﻐﺗﻣﻟﺍﺭﻳﻱﺩﺎﺣﻻﺍ ﻷ ﻝﻭﺻﻭﻠﻟ ﻝﺿﻓ
 IIIVX
 
. ﺔﺔ ﻋﻠﻰ ﺳﻁﺢ ﻗﺿﻳﺏ ﺍﻟﻔﺿ ّﻧﺎﺑﻳﺏ ﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻧﺎﻧﻭﻳ ّﺃﻋﻠﻰ ﻛﻣﻳﺔ ﻣﻥ ﺭﻭﻑ ﺍﻟﺗﻲ ﺑﻭﺳﺎﻁﺗﻬﺎ ﻳﻣﻛﻥ ﺍﻟﺣﺻﻭﻝ ﻋﻠﻰ ﺃﺍﻟﻅ ّ
ﻭﺣﺭﺍﺭﺓ ﻓﺭﻥ , ﻕ ﺍﻻﺳﻳﺗﻳﻠﻳﻥﻭﻣﻌﺩﻝ ﺗﺩﻓ ّ, ﻕ ﺍﻟﻬﻳﺩﺭﻭﺟﻳﻥﻝ ﺗﺩﻓ ّﻣﻌﺩ ّ :ﻭﺍﺷﺗﻣﻠﺕ ﻫﺫﻩ ﺍﻟﻁﺭﻳﻘﺔ ﻋﻠﻰ ﺩﺭﺍﺳﺔ ﺍﻟﻣﺗﻐﻳﺭﺍﺕ ﺍﻟﺗﺎﻟﻳﺔ
ﻫﻲ  ﺗﻐﻳﺭﺍﺕﻭﻗﺩ ﻭﺟﺩ ﺍﻥ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻣﺛﺎﻟﻳﺔ ﻟﻬﺫﻩ ﺍﻟﻣ. ﻧﺑﻭﺏ ﺍﻟﺗﻔﺎﻋﻝﻗﺿﺑﺎﻥ ﺍﻟﻔّﺿﺔ ﻓﻲ ﺃﻭﻣﻭﻗﻊ , ﺍﻟﺗﻔﺎﻋﻝ ﻭﻣﺩﺓ ﺍﻟﺗﻔﺎﻋﻝ
ﺩﺭﺟﺔ  007ﺟﺔ ﺣﺭﺍﺭﺓ ﻓﺭﻥ ﺍﻟﺗﻔﺎﻋﻝ ﻭﺩﺭ, ﺩﻗﻳﻘﺔ/ﻣﻝ57ﻕ ﺍﻻﺳﻳﺗﻳﻠﻳﻥ ﻭﺗﺩﻓ ّ, ﺩﻗﻳﻘﺔ/ﻣﻝ52ﻕ ﺍﻟﻬﻳﺩﺭﻭﺟﻳﻥ ﺗﺩﻓ ّ: ﻛﺎﻟﺗﺎﻟﻲ
ﻟﻘﺩ ﺗﻡ ﺍﺳﺗﺧﺩﺍﻡ ﺍﻟﻣﺟﻬﺭ ﺍﻻﻟﻛﺗﺭﻭﻧﻲ . ﻭﻣﻭﻗﻊ ﻗﺿﺑﺎﻥ ﺍﻟﻔﺿﺔ ﻓﻲ ﻣﻘﺩﻣﺔ ﺍﻧﺑﻭﺏ ﺍﻟﻣﻔﺎﻋﻝ, ﺩﻗﻳﻘﺔ 51ﺎﻋﻝ ﻭﻣﺩﺓ ﺍﻟﺗﻔ, ﻣﺋﻭﻳﺔ
ﺍﻥ  ﻭﺩ ﻋﻠﻰ ﺳﻁﺢ ﻗﺿﺑﺎﻥ ﺍﻟﻔﺿﺔ ﻭﺑﻳﻧﺕ ﺍﻟﻧﺗﺎﺋﺞﺍﻟﻣﺎﺳﺢ ﻭﺍﻟﻣﺟﻬﺭ ﺍﻻﻟﻛﺗﺭﻭﻧﻲ ﺍﻻﻧﺗﻘﺎﻟﻲ ﻟﺗﺷﺧﻳﺹ ﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻣﻭﺟ
 .ﻌﺩﺩﺓ ﺍﻟﻁﺑﻘﺎﺕﺔ ﻣﺗﺍﻧﺎﺑﻳﺏ ﻛﺭﺑﻭﻥ ﻧﺎﻧﻭﻳ ّ ﻫﻭ ﻋﺑﺎﺭﺓ ﻋﻥﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻣﻭﺟﻭﺩ ﻋﻠﻰ ﺳﻁﺢ ﻗﺿﺑﺎﻥ ﺍﻟﻔﺿﺔ 
ﻳﺔ ﺎﻧﺎﺑﻳﺏ ﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻧﺎﻧﻭﻳﺔ ﻛﺎﻧﻅﻣﺔ ﺍﺳﺗﺷﻌﺎﺭ ﻓﻲ ﺍﻟﻣﻌﺎﻳﺭﺓ ﺍﻟﻣﻳﻛﺭﻭﻔﺔ ﺑﺧﺩﻣﺕ ﻗﺿﺑﺎﻥ ﺍﻟﻔﺿﺔ ﺍﻟﻌﺎﺩﻳﺔ ﻭﺍﻟﻣﻐﻠﱠ ﺳﺗ ُﻭﻗﺩ ﺇ
ﺟﻣﻳﻊ ﺍﻧﻭﺍﻉ ﺍﻟﻣﻌﺎﻳﺭﺓ  ﺩﺭﺍﺳﺔﻟﻘﺩ ﺗﻡ ﻭ. ﺑﺎﺳﺗﺧﺩﺍﻡ ﺗﻘﻧﻳﺔ ﻓﺭﻕ ﺍﻟﺟﻬﺩ ﺍﻟﺗﻔﺎﺿﻠﻲ ﺍﻟﺗﻲ ﺗﻌﺗﻣﺩ ﻋﻠﻰ ﺍﻟﺗﻳﺎﺭ ﺍﻟﺛﺎﺑﺕ ﺍﻭ ﺍﻟﻣﺗﺭﺩﺩ
ﻗﻁﺎﺏ ﻭﺃ, ﻝﺍﻻﻛﺳﺩﺓ ﻭﺍﻻﺧﺗﺯﺍ ﺍﺕﻣﻌﺎﻳﺭﻓﻲ  ﻔﺔ ﻣﻥ ﺍﻻﻗﻁﺎﺏ ﻣﺛﻝ ﺍﻗﻁﺎﺏ ﺍﻟﺑﻼﺗﻳﻥ ﻭﺍﻟﺫﻫﺏ ﺍﻟﺣﺟﻣﻳﺔ ﺑﺎﺳﺗﺧﺩﺍﻡ ﺍﻧﻭﺍﻉ ﻣﺧﺗﻠ
ﻗﻁﺎﺏ ﺍﻟﺳﺎﺑﻘﺔ ﺑﺎﻻﺿﺎﻓﺔ ﻟﻣﻘﺎﺭﻧﺔ ﺍﻷ, ﺭﺓ ﺍﻟﺗﺭﺳﻳﺏﻣﻌﺎﻳﻓﻲ  ﺍﻗﻁﺎﺏ ﺍﻟﻔﺿﺔ ﻭ, ﻣﻌﺎﻳﺭﺓ ﺍﻟﺣﻣﺽ ﻭﺍﻟﻘﺎﻋﺩﺓﻓﻲ ﻣﻭﻥ ﻳﺍﻻﻧﺗ
ﻟﻘﺩ ﺗﻡ ﺍﻟﻭﺻﻭﻝ ﻟﺗﺣﺩﻳﺩ ﻧﻘﻁﺔ ﺍﻟﻧﻬﺎﻳﺔ  .ﺍﻟﺳﺎﺑﻘﺔ ﺍﺕﺑﺎﻗﻁﺎﺏ ﺍﻟﻔﺿﺔ ﺍﻟﻣﻐﻠﻔﺔ ﺑﺎﻧﺎﺑﻳﺏ ﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻧﺎﻧﻭﻳﺔ ﻟﺟﻣﻳﻊ ﺍﻧﻭﺍﻉ ﺍﻟﻣﻌﺎﻳﺭ
ﻭﻧﺳﺑﺔ , ﺍﻟﺛﺎﺑﺕﺎﺭ ﻟﻘﺩ ﺗﻡ ﺗﺣﺳﻳﻥ ﻣﻌﺎﻳﻳﺭ ﻣﺧﺗﻠﻔﺔ ﻟﻬﺫﻩ ﺍﻟﻁﺭﻳﻘﺔ ﻣﺛﻝ ﻛﺛﺎﻓﺔ ﺍﻟﺗﻳ ّ. ﺗﺭﻳﻣﻳﻛﺭﻭﻟ 1ﻟﻣﻌﺎﻳﺭﺓ ﻣﺣﻠﻭﻝ ﺑﺣﺟﻡ 
ﺔ ﻋﻠﻰ ﺍﻧﻭﺍﻉ ﻟﻘﺩ ﺗﻡ ﺗﻁﺑﻳﻕ ﺍﻟﻣﻌﺎﻳﺭﺓ ﺍﻟﻣﻳﻛﺭﻭﻳ .ﻭﺗﺭﻛﻳﺯ ﺍﻟﻣﻭﺍﺩ ﺍﻟﻣﺗﻔﺎﻋﻠﺔ ,ﻭﺣﺟﻡ ﺍﻟﻌﻳﻧﺔ ,ﺎﺭ ﺍﻟﻣﺗﺭﺩﺩﻠﺗﻳ ّﺍﻻﻧﺣﻳﺎﺯ ﺍﻟﻣﺋﻭﻳﺔ ﻟ
ﻛﺭﺑﻭﻧﺎﺕ ﺍﻟﺻﻭﺩﻳﻭﻡ ﻧﻳﺩ ﻭﺑﺎﻳﺍﻟﺣﺩﻳﺩﻭﺯ ﻭﺣﻣﺽ ﺍﻻﺳﻛﻭﺭﺑﻳﻙ ﻭﺍﻟﻛﻠﻭﺭﺍﻳﺩ ﻭﺍﻟﺳﻳﺎ: ﻠﻔﺔ ﻣﻥ ﺍﻟﻣﻭﺍﺩ ﻭﻫﻲﻣﺧﺗ
 .ﻭﺍﻟﻛﻳﺗﻭﻛﻭﻧﺎﺯﻭﻝ ﻓﻲ ﺍﻟﻭﺳﻁ ﺍﻟﻣﺎﺋﻲ ﻭﺍﻟﻼ ﻣﺎﺋﻲ
ﻭﻗﺩ ﻛﺎﻧﺕ ﻣﻧﺣﻧﻳﺎﺕ , ﺔ ﺍﻓﺿﻝ ﻣﻥ ﺍﻗﻁﺎﺏ ﺍﻟﻔﺿﺔ ﺍﻟﻌﺎﺩﻳﺔﻧﺎﺑﻳﺏ ﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻧﺎﻧﻭﻳ ّﺑﺄﻟﻘﺩ ﻭﺟﺩ ﺍﻥ ﺁﺩﺍء ﺍﻗﻁﺎﺏ ﺍﻟﻔﺿﺔ ﺍﻟﻣﻐﻠﻔﺔ  
ﻭﻳﺟﺏ , ﺔﻧﺎﺑﻳﺏ ﺍﻟﻛﺭﺑﻭﻥ ﺍﻟﻧﺎﻧﻭﻳ ّﺑﺄﺍﻟﻣﻌﺎﻳﺭﺓ ﺍﻟﺗﻔﺎﺿﻠﻳﺔ ﻣﺗﻣﺎﺛﻠﺔ ﻭﺫﺍﺕ ﺍﺭﺗﻔﺎﻋﺎﺕ ﻛﺑﻳﺭﺓ ﻓﻲ ﺣﺎﻟﺔ ﺍﻗﻁﺎﺏ ﺍﻟﻔﺿﺔ ﺍﻟﻣﻐﻠﻔﺔ 
 .ﺗﺣﺩﻳﺩ ﻧﻘﻁﺔ ﺍﻟﻧﻬﺎﻳﺔ ﻟﻠﻣﻌﺎﻳﺭﺓ ﺑﻧﺟﺎﺡﻟﺍﺳﺗﺧﺩﺍﻡ ﺍﻟﻣﺷﺗﻘﺔ ﺍﻻﻭﻟﻰ ﻟﻣﻧﺣﻧﻰ ﺍﻟﻣﻌﺎﻳﺭﺓ ﺍﻟﺗﻔﺎﺿﻠﻳﺔ ﺍﻟﻌﺎﺩﻱ 
ﺳﺗﺧﺩﺍﻡ ﺍﻟﻣﻌﺎﻳﺭﺓ ﺍ. ﻣﻥ ﺍﻟﻣﻳﻛﺭﻭﻟﻳﺗﺭ ﺑﺩﻗﺔ ﻋﺎﻟﻳﺔ ﻧﻲ ﺩﻗﻳﻕ ﻳﻣﻛﻧﻪ ﺣﻘﻥ ﺳﻭﺍﺋﻝ ﺑﺣﺟﻡ ﺟﺯءﻣﻳﻡ ﺟﻬﺎﺯ ﺣﻘﻥ ﻣﻳﻛﺭﻭﻟﻘﺩ ﺗﻡ ﺗﺻ
 ﺍﻟﻣﻭﺍﺩ ﻭﺗﻘﺩﻡ ﺣﻼً ﻫﺫﻩ ﻭﺗﺣﻘﻕ ﻭﻓﻭﺭﺍﺕ ﻛﺑﻳﺭﺓ ﻓﻲ  ﺗﺣﺗﺎﺝ ﺍﻟﻰ ﺍﺣﺟﺎﻡ ﻗﻠﻳﻠﺔ ﻣﻥ ﺍﻟﻣﻭﺍﺩ ﺍﻟﻣﺗﻔﺎﻋﻠﺔﻳﺔ ﺍﻟﺣﺟﻣﻳﺔ ﺍﻟﻣﻳﻛﺭﻭ
 ﺍﻟﻛﻳﻣﻳﺎﺋﻳﺔ ﻭﺑﺎﻟﺗﺎﻟﻲ ﺗﻘﻠﻳﻝ ﻛﻣﻳﺔ ﺍﻟﻧﻔﺎﻳﺎﺕ. ﺍﻟﻛﻼﺳﻳﻛﻳﺔﺳﺗﻬﻼﻙ ﺍﻟﻛﺑﻳﺭ ﻣﻥ ﺍﻟﻛﻭﺍﺷﻑ ﺍﻟﻣﺳﺗﺧﺩﻡ ﻓﻲ ﺍﻟﻣﻌﺎﻳﺭﺓ ﺍﻟﺣﺟﻣﻳﺔ ﻟﻺ
 .ﻭﺍﻟﺗﻲ ﺗﺻﻝ ﻟﻠﺑﻳﺋﺔ ﻭﺗﺳﺑﺏ ﻣﺷﺎﻛﻝ ﻣﺗﻌﺩﺩﺓﺍﻟﻧﺎﺗﺟﺔ ﻣﻥ ﺍﻟﺗﺣﻠﻳﻝ 
 .
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    CHAPTER ONE 
INTRODUCTION 
1.1 Introduction 
Titration is a common technique which is normally practiced in various laboratories. The 
classical methods of titration require large volumes of chemicals. Microtitrimery, which 
requires very small volumes of chemicals will help in saving large volumes of reagents, 
eventually will make lot of savings and protect the environment from large quantities of 
wastes. 
Differential electrolytic potentiometry (DEP) is a titrimetric electrometric used to locate 
the end-point in titrimetric reactions and to study the electrode processes. It consists of 
passing a heavily stabilized current in two identical electrodes  and measuring the 
potential difference (ΔE) between them during the course of the titration [1]. At the end-
point a sharp peak is resulted which represents the first differential of the zero current 
potentiometric curve.  The end point is easily located from the tip of this peak. The DEP 
technique does not require a reference electrode, whose salt bridge is causing various 
difficulties especially if non-aqueous systems are considered [2]. Moreover, polarization 
usually enhances the response of the electrodes which will remain active during the 
course of the titration and equilibrate in a short time. This introduces DEP as a suitable 
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detector for most of the titrimetric reactions, flow injection analysis (FIA), sequential 
injection analysis (SIA) and possibly for ion-chromatography and high performance 
liquid chromatography. 
 Nanotechnology, which is one of the new technologies, refers to the development of 
devices, structures, and systems whose size varies from 1 to 100 nanometers (nm). In 
recent years, nanomaterials with special physical and chemical properties have attracted 
the attention of researchers. Carbon nanotubes (CNTs) possess unique properties of 
electronic structures, high specific surface area, and electrical conductivity, making them 
available in solving the challenging tasks of simultaneous determinations of electro-
active isomers. 
A variety of production methods for CNTs have been developed; chemical modification, 
functionalization, and characterization of individual CNTs is now possible. 
Breakthroughs for CNT-based technologies are anticipated in the areas of 
nanotechnology, biotechnology, and materials science. Their unique surface area, 
stiffness, strength and resilience have led to much excitement in the field of pharmacy. 
Nanotubes are categorized as single-walled nanotubes and multiple walled nanotubes. 
Techniques have been developed to produce nanotubes in sizeable quantities, including 
arc discharge, laser ablation, chemical vapor deposition, silane solution method and flame 
synthesis method. The properties and characteristics of CNTs are still being researched 
heavily and scientists have barely begun to tap the potential of these structures. 
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CNTs have been the subject of numerous investigations in chemical, physical and 
material areas due to their novel properties [3, 4]. Depending on their atomic structure, 
CNTs behave electrically as a metal or as a semiconductor [5, 6]. The subtle electronic 
properties suggest that CNTs have the ability to promote charge-transfer reactions when 
used as an electrode [7–10].  
1.2 OBJECTIVES 
1.2.1   To establish a setup for microtitrimetry, this requires; 
a. Designing and fabricating a micro injector which delivers volumes in micro liter 
levels. 
b. Design and fabricate a practical micro cell which accommodates the pair of 
electrodes used in sensing. 
 
1.2.2 To apply the setup for microtitrimetry of ion combination and electron transfer reactions 
using ordinary metallic electrodes. Both DC - DEP and mark – space bias AC -DEP will be 
applied. 
1.2.3 To prepare metallic electrodes coated with CNT or modified CNT using the CVD method, 
and characterizing their surfaces using SEM and TEM techniques. 
1.2.4 To investigate the use of nanomaterials in enhancing the response of the metallic electrodes. 
Such enhancement could give better sensitivity and help to have lower detection limits. The 
applicability of those developed electrodes will be investigated for ion combination and electron 
transfer reaction using both DC - DEP and mark – space bias AC - DEP.    
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Carbon nanotube (CNT) growth  
Carbon nanotubes (CNTs) have received considerable attention in the field of 
electrochemical sensing, due to their unique structural, electronic and chemical 
properties, for instance, unique tubular nanostructure, large specific surface, excellent 
conductivity, modifiable sidewall, high conductivity, good biocompatibility, and so on. 
The special nanostructural properties make CNTs have some overwhelming advantages 
in fabricating electrochemical sensors, including [11] 
(i) The large specific area producing high sensitivity; 
(ii) The tubular nanostructure and the chemical stability allowing the fabrication of 
ultrasensitive sensors consisting of only one nanotube; 
(iii) The good biocompatibility that is suitable for constructing electrochemical 
biosensors, especially for facilitating the electron transfer of redox proteins and 
enzymes; 
(iv) The modifiable ends and sidewalls providing a chance for fabricating 
multifunctioned electrochemical sensors via the construction of functional 
nanostructures; 
(v) The possibility of achieving miniaturization; 
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(vi) The possibility of constructing ultrasensitive nanoarrays. 
It is important to consider the electronic properties of CNTs, compared with macroscopic 
carbon structures, as these may influence the electron transfer (ET) characteristics of 
CNT-based electrodes. CNTs are part of the sp2
 
 carbon family, along with graphene (a 
two-dimensional honeycomb structure) and highly oriented pyrolytic graphite (HOPG: 
comprising layers of graphene sheets) [12]. Single-walled CNTs (SWNTs) can be viewed 
as one rolled-up sheet of graphene, while multi-walled CNTs (MWNTs) [13] are 
concentrical tubes of rolled-up graphene, separated by the interlayer distance of graphite 
(0.34 nm), as shown in Figure 2.1. MWNTs can also exist in herringbone and bamboo 
configurations. [14]. SWNTs are typically 0.7–3 nm in diameter, while a diameter range 
of 2–30 nm is characteristic for MWNTs. Both SWNTs and MWNTs are usually microns 
to many tens of microns in length, although it is possible to grow individual SWNTs up 
to centimetres long. 
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Figure 2. 1 (a) Structure and electronic properties of graphene and SWNTs. SWNTs can 
be visualized as a graphene sheet wrapped along the chiral vector. Energy dispersion for 
graphene: the valence and conduction bands meet at singular points in reciprocal space. 
DOS for a (6,4) sSWNT and a (5,5) mSWNT (data taken from http://www.photon.t.u-
tokyo.ac.jp/Bmaruyama/kataura/1D_DOS.html); (b) the structural connection between 
HOPG, graphene, SWNTs and MWNTs. HOPG and MWNTs are 3D structures, while 
graphene and SWNTs are only surface atoms. 
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In the CNT synthesis process by Chemical vapor deposition (CVD)  process , four 
control factors (growth parameters) with three levels were examined [15], the four 
growth parameters that were investigated were furnace temperature (700, 800 and 900 
°C), carrier gas flow rate (100, 420, 1500 ml/min), metal catalyst concentration (2.5, 3.3 
and 5.0 wt %) and substrate tilt with respect to gas flow. 
Subsequently, nanotubes diameter and CNT growth evaluation were selected as output 
responses of the deposition process. 
analysis of CNT evaluation graph shows that in the analyzed CVD system the CNTs with 
a better degree of alignment, with maximized massive character of the growth and with 
less presence of amorphous carbon and other impurities were obtained at 800 °C growth 
temperature, 420 ml/min carrier gas flow, 3.3% catalyst concentration and horizontal 
substrates. Among the analyzed growth parameters, we have found that the growth 
temperature is the most influential in controlling the CNT diameter. A low catalyst 
concentration led to the growth of thin CNTs (diameter of 20 nm). The only parameter 
entirely not correlated to the others was the substrate tilt with respect to gas flow. 
Different procedure has been applied for CNT growth on silicon substrates with a 100-
nm oxide layer [16]. This substrate has been patterned with UV photolithography. 
The pattern created consisted of squares with side lengths of 40 µm separated by a 10-µm 
open space. Iron films were electron beam evaporated onto the patterned wafer. The iron 
films were approximately 15-nm thick. The substrates were then ultrasonicated in acetone 
for one half hour. Substrates were placed on a quartz boat and sealed in a 2-inch-diameter 
quartz tube CVD furnace. The CVD synthesis was carried out between 700°C and 800°C 
using 1000 sccm methane, 100 sccm acetylene, and 500 sccm hydrogen. The furnace was 
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heated and cooled under argon flow at 1000 sccm until the temperature reached 200°C. 
Synthesis times were varied in 5-min. intervals between 5 min. and 30 min. 
This method provides an easy and scalable pathway to aligned CNT growth. Carbon 
nanotube towers that are synthesized via CVD conform to catalyst regions patterned by 
photolithography. The tower height is predictably controllable by variation of the 
synthesis time at specific temperatures. The presence of impurities on the substrate 
during the synthesis process severely retards the nucleation and growth of CNTs. 
Another method for continuous high-yield production of extremely narrow SWCNT 
using ferrocene as the sole source for both catalytic Fe particles and carbon feedstock 
[17]. The feasible control on the reaction parameters renders this technique a stable and 
reproducible route of synthesis of bulk-scale SWCNTs with defined diameter 
distribution. As no external carbon sources are required, they show that it is possible to 
synthesize SWCNTs in a continuous manner at temperatures as low as 650 °C. 
R Xiang et al shows that temperature of the reactor plays the most important rule in CNT 
growth by CVD on Si substrate, [18].in this study The aligned CNT arrays were 
synthesized using ferrocene as the catalyst precursor and hexane as the carbon source in a 
quartz tube reactor (inner diameter 1 inch, length 1200 mm, heating zone 700 mm) with 
the growth substrates placed in the center of the quartz tube, The first substrate, a 50 nm 
thick SiO2 patterned Si (100) wafer, was fabricated by the thermal oxidation of Si in an 
oxygen and water atmosphere, and then the subsequent use of a standard 
photolithography wet etching procedure. The successful growth at a higher ferrocene 
concentration and operation pressure was explained as being that these provided excess 
metal species that form extra growth sites on top of the FeSi2 and FeSiO4 layer This 
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means that the catalyst deposition on Si can be considered as a competition between 
catalyst formation and consumption (through the formation of FeSi2 and FeSiO4
 
). When 
the catalyst consumption is lower than the formation, as when a higher ferrocene 
concentration is used, the excess metal catalyst can yield CNTs arrays. Here, in contrast, 
instead of doubling or tripling the catalyst precursor concentration and thereby sacrificing 
product quality, we have alternatively found a way to slow down the rapid reaction of 
iron with Si by the use of temperature control. It was demonstrated that the substrate 
selectivity of CNT growth from ferrocene-based floating CVD can be easily controlled 
by the operation temperature. At relatively lower temperatures, well-aligned CNT arrays 
can be grown directly on pure silicon.  
2.1.1 Mechanism hypothesis of carbon nanotube growth by CVD 
The CVD step was carried out at 700°C for 1, 5 and 15 min. During the deposition, the 
gaseous carbon source thermally decomposed/pyrolyzed inside the tubing [19]. 
This resulted in the formation of active free radicals, a range of hydrocarbon species and 
elemental carbon. The latter deposited on the metal surface in form of CNT and NTC 
(non tubular carbon). 
The C2H4 decomposed to form elemental carbon (figure 2.2), which then assembled as 
CNTs or NTC on the tube surface. The CNTs were aligned radially. The NTC appeared 
to deposit on top of the CNTs (Figure 2.3 a), and could be selectively removed by 
oxidation in the presence of oxygen at 250–300 °C [20]. Residual CNT layer after NTC 
removal is shown in (Figure2.3 b). The mechanism of nanotube formation is 
hypothesized to be as follows. First the C2H4 decomposed to produce free radicals, which 
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in presence of the iron catalyst formed CNTs. Once the catalyst was exhausted, the NTC 
formation occurred. Active free radicals are also known to recombine with carbon to 
form larger molecules [21]. So, on one hand the carbon formed in the gas phase was 
deposited on the metal surface, at the same time the carbon was consumed to form 
secondary products. 
The CVD precursor (C2H4
The selective CNT formation was attributed to the availability of the catalyst, and NTC 
formation to the absence of it. It is clear that the selective growth of CNTs with respect to 
) decomposed to form elemental carbon via a sequence of free 
radical reactions, which then assembled as CNTs or NTC. The CNTs were aligned 
radially, and the NTC appeared to deposit on top of it. As the pyrolyzed gas traveled 
along the tube, the composition of active species changed, leading to variable thickness 
of the CNT and NTC films. At all flow rates; the maximum film thickness was observed 
in the residence time range of 0.3– 0.7 s, and this agreed with the model predictions. The 
rate of carbon consumption leading to molecular growth increased with residence time. 
The rate of growth of both CNT and NTC were different at different residence times. 
NTC would require the optimization of all these parameters. 
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Figure 2. 2 Major pathways to consumption of C2H4
 
 and production/ consumption of C 
at different residence time. 
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Figure 2.3 (a) CNTs covered by NTC; (b) CNTs after the removal of NTC by oxidation 
(2000Χ, 1 mm = 0.5 µm). 
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Another mechanism has been proposed by  De-Chang Li et al for the growth of the 
carbon nanotubes using pyrolysis CVD method [22] , they speculated that FePc powder 
first evaporated from the first furnace to the second furnace, where it decomposed into 
atomic iron (from the reduction of Fe2+ by hydrogen) and phthalonitrile species under 
H2/Ar at a high temperature (above 750°C). Almost simultaneously, the phthalonitrile 
decomposed into benzene rings and CN units while the iron atoms aggregated into 
nanoparticles on the substrate as catalytic centers for the growth of the aligned nanotubes. 
The benzene rings and CN units may fragment further, liberating Cn, CHn, and N2
The growth of carbon nanotubes starts from the deposited catalysis layer, which is the 
iron in our case. The deposited iron film consists of larger particles and smaller ones. As 
mentioned above, the larger iron particles are mainly responsible for producing the 
carbon atomistic species required for the growth of the nanotubes, and the smaller iron 
particles are likely to be catalytically active because their higher surface energy facilitates 
the very first generation and accumulation of carbon atoms for the formation of a thin 
layer of graphitic film at the initial stage of the nanotube growth (Figure 2.4 a). The 
graphite layer thus formed could quickly enclose the iron particle, generating a concentric 
graphitic shell or a semi-spherical graphitic shell depending on the contact pattern of the 
particle with the substrate (Figure 2.4 b). The above conjecture is supported by our 
experimental observations of the nanotube roots shown in (Figure 2.4c) and (Figure 
2.4a). The coating of the smaller iron particles by carbon immediately stopped the 
catalytic activity of the particle, so that the only surfaces with active catalysis are the 
surfaces of the large iron particles. 
. 
These carbon species then precipitated on or diffused through the metal particles. 
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Upon a full enclosure of the small iron particle by carbon, its surface catalytic activity for 
generation of carbon atoms was eliminated. The continuous generation of carbon atoms 
by the larger iron particles and their diffusion towards the neck region between the small 
and large particles (due possibly to a localized surface energy and/or temperature effect), 
however, led to a growth of cylindrical graphitic shells at the neck region (Figure 2.4b). 
This can be considered as the beginning of the nanotube growth, and the contact area 
determines the inner diameter of the tube. As the nanotube growth proceeds, the large 
iron particle becomes further apart from the small iron particle, and the head-on contact 
between two adjacent large iron particles forces the nanotubes to grow vertically on the 
substrate surface (Figure 2.4c). Remember the gravity plays little role here because any 
of these particles are rather small and light. There are three possibilities. One, the 
nanotubes growing parallel or nearly parallel to the substrate surface will be terminated at 
some length when they hit other nanotubes or iron particles. Second, the nanotubes 
growing along normal or nearly normal directions continue to growth to form large 
length nanotubes, thus the aligned nanotube film. This is the final produce we observed 
by SEM. Finally, the nanotubes growing along a direction between the two cases will be 
aligned along the normal direction if the iron particle contacts another tube particle and 
turns its growth direction (Figure 2.4c).  
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Figure 2.4 Proposed growth mechanism of the carbon nanotubes on a flat substrate 
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2.1.2 CNT growth on metallic substrate 
Vertically aligned multiwalled carbon nanotubes (CNTs) have been grown directly on 
commercially produced metallic alloy (Inconel 600) substrates to enhance the 
performance of super capacitor devices [23]. The direct growth of the CNTs on Inconel 
was achieved by using a recently reported air assisted chemical vapor deposition 
technique [24] in which a horizontal tube furnace was heated to 790 °C in an argon 
environment and a solution of ferrocene and xylene was continuously injected, vaporized, 
and blown (using argon and hydrogen (85%: /15%) gas) into a quartz tube reactor 
containing the Inconel substrates. The flow rate of carrier gas was maintained at ~400 
sccm. During the growth process, a small amount of air (~7.5 sccm) was mixed with the 
reaction environment to maintain the catalyst activity facilitating enhanced growth rate. 
The reaction time was controlled by adjusting the feeding time of the xylene/ferrocene 
solution. The quartz tube reactor was cooled down to room temperature after growth time 
in the argon environment. We obtained an array of densely packed aligned multiwalled 
carbon nanotubes (AMWNTs) on the Inconel substrate in both horizontal and vertical 
directions. The length of CNTs on the Inconel substrate was controlled by varying the 
reaction time (Figure 2.5). 
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Figure 2.5. (a) SEM image showing the top view of AMCNTs grown on Inconel, (b) side 
view of CNTs attached to the Inconel, (c) SEM image of CNTs grown on Inconel 
substrate at higher magnification, (inset) TEM image at high magnification, and (d) graph 
showing lengths of CNTs grown on Inconel, as a function of growth time. 
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Tailoring structural and electrochemical properties of vertical aligned carbon nanotubes 
on metal foil using scalable wet-chemical catalyst deposition has been studied [25] 
Direct growth on metal foils is achieved using a dip-coating step for the wet-chemical 
catalyst layer deposition and a subsequent chemical vapor deposition step for CNT 
growth. Two optimized Fe/Co and Fe/Mo 2-ethylhexanoate/2-propanol solutions are 
applied as precursors for the catalyst layer deposition and the influence of catalyst film 
thickness on resulting CNT film properties is investigated. 
CNT morphology, density and diameter can be controlled by the Fe, Co and Mo complex 
concentrations in an alcoholic dip-coating solution. For the CVD process, ethane as 
carbon precursor was used. The resulting catalyst layers were investigated by AFM 
 
Pyrolysis has been used to grow CNT films via an electroless plated Ni layer [26] The 
aligned carbon nanotubes were prepared by pyrolysis of iron(II) phthalocyanine, FePc, 
under Ar/H2
 A flow of Ar/H
 atmosphere at a predetermined temperature using an appropriate substrate in 
a flow reactor consisting of a quartz glass tube and a dual furnace fitted with independent 
temperature controllers 
2 (1:1 v/v, 60–70 cm3/min) was then introduced into the quartz tube 
while heating up the second furnace. After the second furnace reached a predetermined 
temperature of 850°C, the first furnace was heated at 650–750°C for ca. 10 min. 
Thereafter, both furnaces were kept at the pyrolysis temperature (850°C) for ca. 10 min to 
complete the pyrolysis process. 
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2.2 Sensor electrodes modefied with CNTs  
Modification of electrode substrates with multi-walled carbon nanotubes (MCNTs) 
applied in analytical sensing have been documented to result in better sensitivities. 
MCNTs have been introduced as electrocatalysts and CNTs modified electrodes have 
been reported to give super performance in the study of a number of biological species, 
including cytochrome, uric acid, NADH and quercetin [27]. 
Carbon nanotubes (CNTs) have been widely studied to be applied as supporting material 
for catalysts in the development of direct methanol fuel cells (DMFCs). The mixture of 
MWCNTs modification on electrodes was prepared by ultrasonically dispersing 2mg 
MWCNTs in 1mL dimethylformamide (DMF) for 1 h. The saturated MWCNTs 
modification solution on Au (MWCNTs/Au) surface was conducted by dip-coating 10µL 
of 2mg mL−1
Other methods have been used to load CNTs on the surface of a certain metal by adding 
functional groups to CNTs in order to activate them [29, 30]. But surface of metal should 
be activated also [31]. 
 MWCNTs DMF mixture on the Au electrode (Figure 2.6). [28]  
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Figure 2.6 Schematic illustration of the fabrication of Pt catalysts on MWCNTs/Au. 
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2.3 Differential Electrolytic Potentiometry (DEP) 
DEP has been introduced for the first time in 1922 [32], the recommended IUBAC 
nomenclature corresponding to the terms electrolytic potentiometry and differential 
electrolytic potentiometry are controlled current potentiometric titration and controlled 
current potentiometric titration with two indicator electrodes respectively. 
DEP is a method for the study of electrode processes and titrimetric reactions. It consists 
of passing a heavily stabilized current through a pair of identical electrodes immersed in 
vigorously stirred solution and measuring the potential difference (∆E) between them. At 
the equivalence point ∆E will give a sharp peak, the shape of which represents the first 
differential of the S- shaped potentiometric curve [2]. 
DEP gives results usually better than those obtained from classical potentiometry, with 
the advantage that polarized electrodes response faster than zero current electrodes during 
titrations. The basic technique and apparatus are simple and there is no need for a 
reference electrode, so that difficulties caused by salt bridges, especially in non – aqueous 
media are eliminated [2].  
The first fundamental study of DEP method was carried out in 1951 by Reilley et al [33] 
on a series of redox titrations. These workers based their study upon polarographic waves 
(calling their technique derivative polarography). 
However it was Bishop et al who made a systematic and critical appraisal of the method 
and they have extensively examined the various titrimetric and electrode parameters and 
evolved a theory [34]. 
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As the polarization of the electrode can be done by different ways, therefore, the method 
is designated according to the manner of polarization if a direct current is used to polarize 
the electrodes, then the method is known as DC – DEP, while it is called PC – DEP when 
the electrodes are polarized by periodic current. There is also Mark - space bias DEP in 
which the electrodes are polarized by a direct current resulting from using mark – space 
bias (i.e. a difference of duration in the positive and negative half cycles). 
The DEP has been applied to all types of ion-combination and redox reactions in aqueous 
media using different types of electrodes. Silver electrodes and silver- silver halide 
electrodes have been found to be suitable for precipitation reactions while antimony 
oxide electrodes for acid - base reactions [35-41].while silver - silver halide electrodes 
are suitable for precipitation reactions. Platinum electrodes have been applied in 
oxidation - reduction reactions [42-44] and gold amalgam electrodes are appropriate for 
complexation reactions [45, 46]. DEP has also been applied to different types of 
titrimetric reactions in non-aqueous media using various types of solid electrodes [47-51]. 
Bishop an Webber [52] were the first to realize that the best periodic signal titration 
curves were obtained when the applied periodic wave was perfectly symmetrical and any 
bias or distortion produce a deterioration of the periodic titration curve. They also found 
that the use of only type of bias, a mark – space or time bias on  a periodic wave, destroys 
the periodic differential curve, ∆E , but produces a DC  component which may itself be 
used to polarize the electrodes hence the technique takes the name of mark – space bias 
DEP. This technique gives sharp peak and better result than DC – DEP when it has been 
applied to aqueous redox and argentemetric reaction. However during this investigation 
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only small biases could be used, i.e. up to 5% bias, the maximum that was obtained from 
the instrument used.  
The differential electrolytic potentiometry using antimony electrodes in aqueous acid - 
base systems have been reported by Bishop, E. [44]. A qualitative explanation of 
electrode behavior under the influence of small currents is offered. The application of the 
method to titrations with all combinations of strong and weak acids and bases at 
concentrations of titrant in the range 0.1 to 0.001 M is described, and optimum electrical 
conditions for the particular titrations are specified. The precision, accuracy and 
discrimination of the method compare favorably with those of classical procedures. 
DEP was examined as a means of locating the end point in the determination of strong 
and weak acids and bases by const.-current coulometry [43]. The excellent response and 
speed of Antimony electrodes permits direct recording of the differential electrolytic 
potentiometric signal during continuous generation without loss of accuracy. On the 
macro scale, determination of 0.001 mole of acid at 3 × 10-4M gives results which 
compare favorably with careful volumetric work in accuracy, speed, and convenience. A 
simple, versatile 2-ml. cell for micro scale work is constructed from 15 mm. Pyrex 
tubing. It has 2 side arms into which sheathed electrodes can be plugged and a 3rd side 
arm with an internal beak dipping into the liquid for the introduction of gas. Antimony 
macro electrodes (cross sectional area 0.315 cm2) are inserted in the side arms and 
connected to a differential electrolytic potentiometric circuit. Coulometric electrodes, 
either a working electrode and a capillary lock auxiliary electrode or 2 working 
electrodes, are plugged into the top of the cell. In this cell as little as 10-7 mole of strong 
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or weak acids have been determined with an overall precision of ±2%. Micro or semi 
micro samples are readily determinable with an accuracy of about ±0.1%. 
Bishop, E. was the first one who studied the accuracy and precession of DEP as method 
used to indicate the end point in oxidation – reduction titration [48]. A comparison has 
been established between DEP and classical potentiometry; the results showed that 
improvement reach to 10 fold in end points peak sharpness and acceleration in the 
attainment of equilibrium in electrode potential because of the continuous flow in current 
to the electrodes in DEP. 
Oxidation reduction microtitration has been established long time ago [53] A current of 
approximately 1 m Ampere is passed between electrodes immersed in the stirred titration 
soln.; if the reductant is not reversibly electrolyzed, the differential anode is inactive, and 
the potential rises to a sharp peak at the equivalence point, then falls abruptly to 
approximately zero. The titration of N2H4 with Br generated coulometrically is 
described; 10-6 mole of Br at a millimolar concentration was determined with ±0.1% 
accuracy, and 5 × 10-5
For the first time, differential electrolytic potentiometry (DEP) has been coupled with the 
flow injection analysis (FIA) technique for detection of oxidation–reduction reactions 
[54], and is utilized for quantitative determination of vitamin C in pharmaceutical 
preparations using 1.0*10
 mole at a micromolar concentration with accuracy of ±5%. Br 
losses at generating currents <10 μ ampere limit the precision of the method. 
3- M cerium (IV) in 0.50 M sulfuric acid as carrier. Two similar 
platinum electrodes have been used and polarized by a constant current. Optimization by 
the univariate method was carried out and the optimum conditions for current density, 
flow rate, sample size and concentration of sulfuric acid electrolyte were 4 mA, 0.93 ml 
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min-1
The application of direct current differential electrolytic potentiometry for the aqueous 
titration of vitamin C, analysis has been done for pure form vitamin c, in its dosage 
forms, and in juices. [55] 
, 140 ml and 0.25 M, respectively. Vitamin C was determined in the concentration 
range 100–300 ppm with 0.9987 correlation coefficient and 1.9 standard deviation. The 
accuracy of the method was determined by comparison with the BP standard method. 
The reaction of vitamin C with Ce (IV) is fast enough to permit its direct titration in 0.09 
M sulfuric acid media. Cerium ammonium sulfate was used as a titrant and a couple of 
platinum electrodes as an indicating system. Titration curve shapes obtained are almost 
symmetrical with sharp peaks. The procedure was applied successfully to the 
determination of vitamin C in commercial tablets, capsules as well as in juice in the 
concentrations of 0.02~10 ppm. The results of this study were favorably compared 
statistically with those obtained with official methods. 
Parameters that affect the shape of the DEP curve, like the current density, the 
concentration of electrolyte solution, and the concentration of the analyte, have been 
investigated.  It was noted that an increase in the current density will result in an increase 
of the height of the resulting differential curve; however, the broadness of the peak will 
also increase. A current density of 0.65 μA cm-2
Derivative potentiometry and catalytic controlled current potentiometry have been 
developed to determine the content of gold in pharmaceutical preparations using 
, which gives the best DEP curve, was 
considered an optimum one and was used during this study. Changing the concentration 
of sulfuric acid solution (electrolyte) from 0.018 M to 0.18 M was found to have a 
significant effect on the shape of the DEP curve. 
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potassium iodide solution as a titrant [56]. A negatively polarized glassy carbon electrode 
and saturated calomel electrode have been used in this system. Contents of about 30µg 
mL-1
DEP was coupled with flow injection analysis (FIA) technique for the determination of 
procainamide in pharmaceutical preparation [57] Platinum electrodes were used as an 
indicating system to follow the oxidation of procainamide with cerium (IV), and 
permanganate in an acidic medium. The univariate method was employed to optimize the 
variables such as the current density, the flow rate, the oxidant concentration and the 
concentration of sulfuric acid electrolyte. The method was linear in the range 20-100 
μg.mL
 were determined with a relative standard deviation of 1.4 %. 
-1, the detection limit and R2 values were 12 μg.mL-1
DEP was coupled with Flow injection analysis (FIA) technique for the determination of 
ascorbic acid in pharmaceutical preparations [58]. Platinum electrodes were used as an 
indicating system to follow the oxidation of vitamin C with either potassium iodate, or 
potassium permanganate in an acidic medium. Univariate method was employed to 
optimize the variables such as the current density, flow rate, the concentrations of the 
oxidants and the sulfuric acid electrolyte. A current density of 40 μAcm
 and 0.995 respectively. 
-2 and a flow rate 
of 25 μLsec-1 were found to be optimum. The optimum concentration of iodate and 
permanganate were 8.35 mM and 0.11 mM respectively on using iodate as an oxidant the 
method showed a linear range of 12-130 μgmL-1, a detection limit of 9 μgmL-1 and R2 of 
0.999. In case of permanganate a linear range of 18-36 μgmL-1, a detection limit of 11 μg 
mL-1 and an R2 of 0.996 were obtained. The procedure was applied successfully to the 
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determination of vitamin C in commercial tablets. The results of this method were found 
to be statistically comparable with those obtained by official methods. 
Oxidation reduction titration by DEP has been also used for heavy metals analysis. The 
titrimetric determination of Cd (II) and Pb (II) simultaneously with Ti (III) stabilized in 
glycerol by using DEP were carried out [59]. The volumetric reaction is based on the 
electroreduction of both metals in NaOH 4M medium by the Ti (III) stabilized with 
glycerol. A simple and rapid method was developed which was successfully applied to 
the Pb and Cd determination in a soft solder. 
The applicability of DEP to cationic surfactant microtitrations was discussed [60]. The 
method used a pair of solid-state polarized membrane electrodes (Ag-AgS), which were 
renewed by polishing with a suede cloth impregnated with chromium (III) oxide prior to 
each titration. and tetraphenylborate has been used as the titrant. The procedure worked 
well with cationic surfactant antiseptic paint and solutions. The relative standard 
deviation at the 0.1 μM level ranged from 0.2 to 199%. Commercial pharmaceutical 
dosage forms were assayed without extraction procedures. The twin electrodes had a long 
life (>30 mo) and the DEP procedure was simple, rapid, precise, accurate, and sensitive. 
Titrimetric method was developed for the determination of fluoride contents in some 
pharmaceutical preparations used for fluoridation [61]. Catalytic controlled-current 
potentiometry involving two identical platinum indicator electrodes and thorium nitrate 
as titrant. The reaction between H2O2 and KI in the presence of acetate buffer (pH 3.6), 
which is catalyzed by the excess of thorium nitrate, served for the end-point indication. 
special attention was paid to sample pretreatment and to determination of optimal 
experimental conditions. Fluoride contents in the range 16-32 μg/mL are detected with a 
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relative standard deviation less than 1.34%. The results are compared to those obtained 
by standard methods described in the USP XXI and recommended by the manufacturer of 
the preparations. 
 DEP was coupled with the sequential injection/flow injection analysis (SIA/FIA) for the 
quantitative determination of cyanide in aqueous media [62]. The univariate method was 
used to optimize the reagent concentration, current density, flow rate, and the delay time. 
A solution of Ni (II) was used as a reagent and silver amalgam electrodes were used as an 
indicator electrode. Cyanide was determined in the concentration range of 6-39 μg mL-1 
with a correlation coefficient of 0.999. The detection limit was found to be 0.31 μg mL-1
DEP is coupled with the flow injection analysis (FIA) for the total cyanide determination. 
[63]. this simple and rapid method is based on the reaction of a silver nitrate with cyanide 
to form silver cyanide complex. Potassium nitrate was used as a supporting electrolyte. 
Platinum, gold and silver electrodes were tested and among them silver amalgam was 
found to be a suitable indicating system. The optimum c.d. for polarizing the electrodes 
was found to be 10-17 μAcm
 
with a RSD of 2.5% (n = 5) and the sampling frequency of 45 samples per hour. 
-2. The sensitivity of the proposed method was further 
enhanced by shortening the coil length. The effect of flow rate and the vol. of reagents 
and sample on the sensitivity of the method were also studied. The interference of 
chloride, iodide, sulfate, carbonate, phosphate, chromium, cobalt, nickel and cadmium 
were studied. Linear working range is from 1 ppm to 60 ppm. The detection limit is 0.5 
ppm with a sample through put of 10 samples per hour and the correlation coefficient is 
0.999. The equation for potential measurement was: [Potential (V) = 0.24 + 0.0091 × C 
(ppm)]. The described FIA-DEP has the addnl. advantages, over the other methods, of 
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minimizing time and amount of consumed reagents and improving the accuracy of the 
analysis due to computer control. 
The applicability of differential electrolytic potentiometry as a detection system in flow 
injection analysis of Chloride has been investigated [64]. Silver nitrate has been used as 
titrant. A computer-controlled injector which delivers precise volumes of sample 
solutions in a reproducible manner was developed. Conditions such as current density 
employed, the concentrations of the solutions used and the flow rate were optimized. 
Chloride in water was determined by means of this system. The relation between chloride 
concentration and the measured signal was found to be Nernstian for solutions of 
concentrations above 6 mg ml-1
The precipitation reaction of thiol compounds in drug formulations with silver (I) has 
been reported [65]. The applicability of DC - DEP technique to the behavior of the 
polarized silver amalgam electrodes potentiometry to an aqueous titration of L-cysteine 
hydrochloride, captopril and D-penicillamine has been described.  
The determination of certain thiol compounds and the results were favorably compared 
statistically with those obtained from official methods. . The optimum current density for 
those titrations was found to be 0.2–2 μA cm P-2 
A.M.S. Abdennabi and M.E. Koken paper described the application of DEP technique as 
detection system in flow injection analysis for certain precipitation reactions  
[66]. The behaviors of different combinations of polarized electrodes in peak height, 
sensitivity and precession were investigated. Suitable combinations of electrodes for 
chloride and iodide determination are reported. A combination of Ag:AgCl–Pt electrodes 
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can be applied for the determination of chloride. For iodide determination Ag–Pt 
combination was found to give acceptable results. The appropriate conditions of flow rate 
and current density were also investigated. 
 chloride. For solutions below this concentration, the 
relation is linear. 
The application of DC-DEP to the Non aqueous titration of amino acids was investigated 
[67]. The basic character of amino acids in acetic acid was enhanced to permit their direct 
titration with perchloric acid. A pair of antimony electrodes was used as indicating 
electrodes. The shapes of the titration curves obtained were almost symmetric with sharp 
peaks. The optimum current density for those titrations was found to be 1-2 μA cm-2
The application of DC-DEP to the titration of caffeine in acetic anhydride-toluene 
mixture has been investigated [68]. A very stable low current source has been constructed 
to polarize the antimony electrodes. The behavior of these electrodes during the titration 
of caffeine has been examined. Caffeine in commercial samples like tea, Pepsi
. The 
procedure was applied successfully to the determination of certain amino acids in drug 
formulations, and the results were fav ably c mpared statistically with thos  obtained by
official methods
® 
β-Adrenergic blockers were determined by DC-DEP based on acid-base titrations in 
acetic anhydrous and toluene [69] The behavior of polarized Antimony electrodes was 
also studied. Acetic anhydrous was a suitable solvent for the titrations of weak bases if 
HClO
as a 
beverage and Prontopyrin, a proprietary drug, was extracted in chloroform and 
determined by dc DEP. 
4 was used as a titrant. The method gave a standard deviation of 7.07 × 10-3 mL. 
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The applications of DC and mark-space biased square wave differential electrolytic 
potentiometry alongside zero-current potentiometry to single and mixed halide 
precipitation titrations with Ag+, to single halide precipitation or complexation titrations 
with Hg2+ in anhydrous. HOAc media were examined using Ag, Ag amalgam, and Au 
amalgam electrodes [70]. Hg+ offers no advantage over Ag which gives excellent results 
for single halides, particularly with Ag electrodes, and Cl- and Br- mixtures are fully 
resolved in the medium as well as Cl- and I-, particularly with Ag amalgam electrodes, 
whereas Br- and I- titrate to total halide only; Cl-, Br-, and I-
Applications of DC and mark-space biased square wave differential electrolytic 
potentiometry to bromination and oxidation reactions in anhydrous acetic acid were 
examined [71]. A few oxidation reactions, e.g., of I and ascorbic acid, are fast enough to 
permit direct titration Other reactions, such as nuclear bromination of aromatic hydroxy 
and amino compounds, addn. to unsaturated aliphatic moieties, and oxidation of covalent 
Group 5A compounds., require double excess back titration of the three electrolytes 
examined, HClO
 mixtures are resolved, but 
not accurately. The Hg (II) titrations are much improved in the anhydrous medium with 
respect to water; Au amalgam electrodes are favored. 
4
 
, LiCl, and ACONa, the last gives the best results for aromatic 
substitution, being alkali enough to allow the phenoxide ion intermediate to form. Certain 
oxidation indicators of the diphenylamine and benzidine classes and aminotriphenyl 
methanes are not oxidized, but react by substitution, by nuclear bromination, and are 
cleanly determined without interference from unstable oxidation products.  
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2.4 Vitamin C (Ascorbic acid) assay 
(DEP –Ascorbic acid references for this graph)Vitamin C, better known as L-ascorbic 
acid, is classified as a carbohydrate and has the chemical structure of 1-keto-1-threo-
hexono-γ-lactone-2,3-enediol. It is the enediol-group [-C(OH)=C(OH)-] which is 
responsible for the molecule’s acidic and reducing properties [1]. Ascorbinometric 
titrations are a term earlier introduced in the literature by Erdey [1] in 1950 using vitamin 
C as a reductimetric titrant. Since then quite a number of titration procedures were 
adopted and classified into direct and indirect methods; the details of which were 
reviewed by Erdey and Svehla [72]. A titrimetric method, currently being used by the 
British Pharmacopoeia [73] for the assay of vitamin C in tablets using cerium (IV) as a 
titrant and ferroin sulfate indicator in sulfuric acid media, was described. In the same 
monograph, another titrimetric method for the assay of vitamin C generic form using 
iodine as a titrant and starch indicator in sulfuric acid media was offered [74]. Since then, 
numerous methods have been described for its determination involving the use of 
permanganate [72], gold (III) chloride [75], ferricyanide [76], O-iodosobenzoate [77], 
phenyl iodosoacetat [78], hexa-amminecobalt (III) tricarbonatocobaltate [79], N-
bromoimides [80], potassium bromated [81], and 2,6-dichloroindophenol [82]. The main 
sources of errors and limitations of the conventional titration procedures were found 
mainly in the use of indicators, location of the end point and complexity of reaction, thus 
encouraging the search for better alternative methods for the assay of this important drug. 
Voltammetric techniques have been considered as important methods among the 
analytical techniques used for the identification of L-ascorbic acid (AA) [83]. L-ascorbic 
acid is an electro-active molecule, though it is difficult to determine its value directly 
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with a majority of electrodes made of carbon and transition metals, because of electrode 
surface problems. I-E curves have been used for AA analysis at various pH. Furthermore, 
the effects of the presence of other electro-active substances; such as copper, as well as 
the effect of the sweep rate of potential have been studied. The current-voltage curves for 
L-ascorbic acid at varying pH and sweep rate scan values have been studied. An analysis 
was also carried out to measure the influence of the concentration of some electro active 
species. The peak height of the first oxidation wave is used for L-ascorbic acid assay. L-
ascorbic acid was determined in aqueous media by linear-scan voltammetry on a gold 
electrode; ranging between (1-175 μg/mL). In biological samples, for elimination of uric 
acid or some sugars and effects, a significant interference of copper ions whose presence 
reduces the height of the L-ascorbic acid oxidation peak was used. The optimum pH and 
sweep rate were 3.2 and 7500mV/s, resp. Under these conditions, the detection limit of 
the method was 0.3 μg/mL, Repeatability of the method based on relative std. deviation 
(RSD) 50, 10 and 1 μg/mL concentrations was 0.83, 2.1 and 10.3%, resp. The calibration 
curve was linear over the range 1-175μg/mL (r2
An automatic votammetry 24- well plate microtiter has been used for ascorbic acid assay 
[84]. The assay used a movable assembly of a pencil rod working, an Ag/AgCl reference 
and a Pt counter electrode with differential pulse voltammetry (DPV) for concentration-
dependent current generation. A computer was in command of electrode (z) and 
microtiter plate (x, y) positioning and timed potentiostat operation. Synchronization of 
these actions supported sequential approach of all wells and subsequent execution of 
 = 0.9977, p < 0.001). The advantage of 
this method lies in the fact that the use of copper eliminates the interference of different 
substances such as uric acid. 
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electrode treatment procedures or AA voltammetry at defined intervals in a measuring 
cycle. DPV in well solutions offered a linear current/concentration range between 0.1 and 
8.0 mM, a sensitivity of about 1 μA mM-1
 
 AA, and a detection limit of 50 μM. When 
used with a calibration curve or standard addition, automated voltammetry of samples 
with added known amts. of AA demonstrated good recovery rates. Also, the assay 
achieved the accurate determination of the AA content of vitamin C tablets, a fruit juice 
and an herbal tea extraction Robotic AA voltammetry has the advantage of conveniently 
handling multiple samples in a single measuring run without the continuous attention of 
laboratory personnel. It is a good option when the goal is cost-effective AA screening of 
sample libraries and has potential for applications in health care and the food processing, 
cosmetic and pharmaceutical industries. 
2.5 Cyanide analysis 
The extreme toxicity of cyanide and environmental concerns from its continued industrial 
use continue to generate interest in facile and sensitive methods for cyanide detection. In 
recent years, there is also additional recognition of HCN toxicity from smoke inhalation 
and potential use of cyanide as a weapon of terrorism. The dramatic increase in the 
number of publications on cyanide measurement is indicative of the great interest in this 
field.  
Because of the importance in clinical, forensic and very likely, security and antiterrorism 
applications, rapid cyanide analysis in blood or breath is ripe for new attractive 
approaches. There are fast acting antidotes for cyanide poisoning, whether from smoke 
inhalation or exposure to a weapon of terrorism. It is vital to determine blood or breathe 
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cyanide levels fast and accurately so that an appropriate dose of the antidote can be 
readily determined. Physiological half-life of free cyanide is short (t1/2 
Official methods for the determination of cyanides include titration [86,87], 
spectrophotometry [86,87], potentiometry with cyanide-selective electrodes [86,88], flow 
injection (FI)–amperometry [89] and the best case LOQs range from 2 to 5µgL
= 0.34–1.28 h) 
[85] and concentration can be affected by storage conditions and many other factors. It is 
crucial to rapidly analyze such samples, perhaps in situ. Techniques that involve much 
manipulation such as micro diffusion, extraction, etc. prior to measurement will not be 
able to meet these needs. As the sensing technique, electrochemical methods provide the 
basis of small and portable analyzers but robustness leaves much to be desired. If 
electrodes are to be frequently replaced or reconditioned or recalibrated, effective 
analysis time suffers. In the wake of increased acts of terrorism, it has become urgent to 
establish rapid, sensitive, specific and robust point of care (POC) blood and breathe 
cyanide analyzers that can be used in the field. 
−1
 
. 
2.5.1 Naked eye detection 
The majority of new reagents introduced in the last few years react with cyanide with a 
visible change in color, some may require a completely non-aqueous medium that makes 
it less practical [90]. Zelder earlier proposed the color reaction of Vitamin B12 with 
cyanide [91] that allows ready visual detection of mM levels of cyanide in water or down 
to 600µM cyanide in a medium of 5% methanol. Vitamin B12 and related cobalt 
complexes, often called corrinoids, have been studied for cyanide detection for some 
time. 
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2.5.2 Colorimetry and spectrophotometry 
Of course, all of the reagents that can be used for simple visual estimation of cyanide can 
also be used to make amore quantitative measurement using a colorimeter or a 
spectrophotometer. In some cases, measuring absorbance at a second wavelength 
provides for a more accurate measurement [92]. Because spectrophotometry/colorimetry 
involves simple and largely inexpensive instruments, such techniques are generally 
popular. For the most part, many of the methods published during the last 5 years are 
adaptation of previously known chemistries that have been improved or automated. This 
is not to say that they are without merit. Phenolphthalin is oxidized to pink 
phenolphthalein by cyanogen that is liberated as cyanide reduces Cu (II) to form CuICN. 
This chemistry is well known but has many practical difficulties that are solved by 
addition of a small amount of EDTA [93]. Hassan et al. [94] looked at the same class of 
cobalt complexes with ester functionalities on the side chains that was later examined 
more systematically by Mannel-Croise and Zelder [95]. Interestingly, these authors 
reported a better LOD in manual spectrophotometry than by flow injection analysis 
(FIA); this may well, however, be caused by the limitations of their particular equipment. 
Themelis et al. [96] have looked at matrix isolation by gas diffusion FIA, on-line standard 
addition and determination by reaction with ninhydrin; one-stage [97] and two-stage [98] 
membrane differentiated measurement of HCN in the presence of large amounts of H2S 
had been described a decade ago. Triarylmethane dyes in general are decolorized by 
cyanide [99], the nucleophilic analyte adds on to the central carbon leading to loss of 
color. While one-shot “dosimetric” sensors have been advocated based on the 
decolorization of methyl violet [100], well-established chemistry makes it clear that 
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cyanide is not the only nucleophile that will be able to do this and for those applications 
where this specificity is adequate, there may be better choices in terms of more intensely 
absorbing dyes [101]. 
 
2.5.3 Fluorometry 
Many cyanine dyes are both colored and fluorescent. They contain two nitrogen centers 
(one of which is positively charged) connected by a polymethine bridge containing an 
odd number of carbons. They have large extinction coefficients (ε>105M−1 cm−1) in 
many cases and strong fluorescence in the near-infrared. Niu et al. [102] showed that 
cyanide readily adds to the carbon next to the iminium cation, leading to loss of color and 
fluorescence in the dye Cy5. Jo and Lee [103] synthesized a series of diphenylacetylene 
derivatives in which the conjugated backbone was functionalized with an aldehyde group 
to render the molecule nonfluorescent. When cyanide adds to the carbonyl group forming 
a cyanohydrin, the fluorescence (λ max 375 nm), optimally excited at 270 nm, is restored. 
The best of the probes provide an LOD better than 2.5µM cyanide. 
 
2.5.4 Chemiluminescence (CL) 
Gavrilov et al. [104] found that alkaline solutions of luminol containing p 
nitrobenzaldehyde (p-NBA) and hemin exhibit enhanced CL when cyanide is present. 
The p-nitrobenzaldehyde cyanohydrins likely reduces dissolved oxygen to superoxide 
which induces luminal CL at a high rate. An extremely low LOD of 4 nM was claimed 
but no real samples were analyzed or interferences were studied. Lv et al. [105] presented 
a reactant volume self-controlled microdevice, which was applied to the FI–CL 
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determination of cyanide in whole blood using amini distiller for cyanide extraction from 
blood samples. The described system showed the features of facile fabrication, undiluted 
sample injection, safe analytical operation and suitability for automatic cyanide analysis. 
The linear range is from 0.5 to 50_M with an LOD of 0.2µM and relative standard 
deviation (RSD) of 1.9% (n=11 @ 26 µgL−1
 
). The results of analyses of rabbit whole 
blood agreed well with those obtained from an official method. 
2.5.5 Electrochemical methods: potentiometry and Amperometry 
Ion selective electrodes (ISEs) are convenient, they involve no chemistry, offer a fast 
response time and hence are widely used; commercial ISEs for cyanide are available. The 
cyanide ISE, however, has numerous interferences such as halides, pseudohalides sulfide 
and various metals that are complexed by cyanide, e.g., cadmium, silver, zinc, copper, 
nickel and mercury [106]. A chemically modified carbon paste electrode with 3,4-tetra 
pyridinoporphirazinato cobalt ( II) was developed by Abbaspour et al. [107] that had 
Amperometry is also very popular and can be very sensitive. 
Taheri et al. [108] developed a novel cyanide sensor. A silver doped silica nanocomposite 
was synthesized by self-assembly of a sol–gel network and silver nanoparticles. A 
precleaned gold electrode (GE) was immersed in a hydrolyzed mercaptopropyl tri-
methoxysilane (MPS) sol–gel solution containing Ag nanoparticles (AgNPs) to assemble 
a three-dimensional structure around the gold electrode (GE/sol–gel/AgNPs). The 
electrochemical reaction occurs between the Ag nanoparticle and CN−. The LOD was 
reportedly 14nM but the lower limit of the linear range was >100× at 1.5µM. 
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Lindsay and O’Hare [109] utilized a Nafion coated Au electrode for amperometric 
determination of free cyanide at physiological pH in a variety of real and simulated 
biological samples. The LOD was 4_M and the upper dynamic range extended to beyond 
400_M. Recently, Zacharis et al. [110] described a fully automated ultrasensitive assay 
based on automated gas diffusion of HCN liberated by HCl from a 250µL cyanide 
containing sample and absorbed in a NaOH acceptor. 
 
2.5.6 Mass spectrometry 
Electrospray ionization tandem mass spectrometry (ESI–MS–MS) is one of the most 
commonly used forms of massspectrometry. Minakata et al. [111] reacted cyanide in 
biological fluids with NaAuCl4 to produce the dicyanogold anion, Au(CN)2 −. This was 
extracted into methyl isobutyl ketone (MIBK) in presence of tetramethylammonium ion 
as a paring agent and the extract was injected directly into a negative ion mode ESI–MS–
MS instrument. The transition 248.9→26.2 Au (CN)2−→CN− was monitored. The LOD 
was 1.04µgL−1
 
. Isotope dilution for better quantitation was not pursued. 
2.6 Sodium Bicarbonate analysis 
Determination of sodium carbonate and sodium bicarbonate in mixed base by acid-base 
titration combined with inductively coupled plasma atomic emission spectrometry [112]. 
The mixed base samples were dissolved in distilled water without carbon dioxide, and 
then the standard solution of hydrochloric acid was added in it. The excessive 
hydrochloric acid was titrated with standard solution of sodium hydroxide, so that the 
total amount of acid consumed by mixed base was measured. Content of carbon in 
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carbon dioxide produced in the process was determined by inductively coupled plasma 
atomic emission spectrometry coupled with gas sampling method. 
Determination of the content of sodium bicarbonate and sodium carbonate in the sodium 
bicarbonate ear drops by improved double-tracer technique was better in specificity 
[113]. The volume of the hydrochloric acid volumetric solution was linear between 
10.02-200.4 mg (r = 1.0000). The average recovery of the method was 99.72% with RSD 
0.75%. This method for determining the contents of sodium bicarbonate and sodium 
carbonate in sodium bicarbonate ear drops was simple, fast and accurate, at the same 
time; the method could be used to detect the content of sodium carbonate in ear drops as 
foreign matter. 
 
2.7 ketoconazole analysis 
Ketoconazole (KTZ), cis-1-acetyl-4-[4-[[2-(2, 4-dichlorophenyl)-2-(1H-imidazole 
1ylmethyl)-1,3-dioxolan-4-yl] methoxy] phenyl] piperazine (Scheme 2.7) is a highly 
effective broad spectrum antifungal agent. It is used to treat a wide variety of superficial 
and systemic mycoses and has the advantage over other imidazole` derivatives of 
producing adequate sustained blood levels following oral administration [114]. Recently, 
new drugs of KTZ that is coordinated to transition metals, such as Ru, Rh, Cu, Au, and 
Pt, result in a remarkable enhancement of the biological activity as anti Trypanosoma 
cruzi [115, 116]. The characterization of these complexes was achieved through NMR, 
EPR, IR, UV-vis, elemental analysis, and also an X-ray diffraction study. The biological 
activities of these complexes against the epimastigote form of Trypanosomes cruzi were 
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also evaluated indicating that all of them inhibit the proliferation of the parasite [117]. 
Some methods have been reported for its determination including:  
 
Potentiometry: It is the official methods according to British and US pharmacopoeia 
monographs the method is based on the potentiometeric non aqueous titration of the drug 
solution in anhydrous acetic acid with 0.1 M Perchloric acid and detection of the 
equivalence point potentiometrically [118-119].  
Spectrophotometry: Khalil Farhadi and Ramin Maleki proposed a new 
spectrophotometric method for the determination of ketoconazole in pharmaceutical 
preparations the method is based on the coupled redox-complexation reactions, which 
proceed in the ketoconazole-iron (III) and 1, 10-phenanthroline systems and monitoring 
of the colored complex at 512 nm. [120].  
Another sensitive spectrophotometric method developed for determination of 
Ketoconazole (KC) in tablets based on amplification reactions [121]. Ketoconazole was 
oxidized with periodate, resulting in formation of KC2+ and iodate ions. After masking 
the excess periodate with molybdate, the iodate was treated with iodide to release iodine. 
The liberated iodine was transformed to ICl2- species and extracted as ion-pair with 
rhodamine 6G into toluene for spectrophotometric measurement at 535nm. A linear 
calibration graph was obtained between 0.2136 mg/mL and 1.7088 mg/mL of 
Ketoconazole with a molar absorptivity of 5*105 mol. L-1 cm-1
 
.  
P.Y. Khashaba et al suggested Simple spectrophotometric and spectrofluorimetric 
methods for the determination of antifungal drugs; (clotrimazole, econazole nitrate, 
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Ketoconazole, miconazole and tolnaftate). Spectrophotometric one depends on the 
interaction between imidazole antifungal drugs as n-electron donor with the p acceptor 2, 
3-dichloro-5, 6-dicyano- 1, 4-benzoquinone (DDQ) in methanol or with p-chloranilic acid 
(p-CA) in acetonitrile [122].  
Abdel-Gawad F. M, established that ketoconazole reacts with iron (III) chloride in the 
presence of potassium thiocyanate to form a pink complex (2:1) that is soluble in 1, 2-
dichloroethane with a maximum absorbance at 510 nm. [123]. 
 Mirjana P. Vojec, et al studied the acid-base equilibria of a diprotic, slightly 
hydrosoluble base ketoconazole in homogeneous and heterogeneous water systems. The 
determinations were performed at 25 ºC at a constant ionic strength of 0.1M (NaCl). The 
acidity constant K
a1 
was determined by potentiometric (Pk
a1 
3.20) and spectrophotometric 
(pK
a1 
3.26) methods. A pK
a2 
constant of 6.10 was obtained based on the equilibrium 
constants pK 
s0 
4.84 and pK 
s1 
 
–1.26, determined in a heterogeneous ketoconazole 
system. The obtained values of the constants served to calculate the solubility and the 
distribution of the equilibrium forms of ketoconazole as a function of pH. On the basis of 
the distribution of the equilibrium forms of ketoconazole, a spectrophotometric method 
for the determination of its content in commercial tablets was developed. The 
determinations were performed at 225 nm in 0.1 M HCl. The method is simple and rapid 
and enables the direct spectrophotometric determination of the content of ketoconazole 
without previous isolation. [124].  
F. Jalali & A. Afshoon presented a sensitive spectrofluorimetric method for the detection 
of ketoconazole, based on formation of a complex between ketoconazole and β-
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cyclodextrin, the formation of this complex was followed by spectrofluorimety. The 
inclusion of ketoconazole in β-cyclodextrin cavity enhanced the native fluorescence of 
the drug. [125].  
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Figure 2.7: Ketoconazole drug 
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CHAPTER THREE 
EXPERIMENTAL  
3.1 Coating of the silver electrodes with the CNT 
The experimental set-up used to synthesize the CNTs on the silver electrodes is similar to 
that reported by Muataz et al [126]. The Floating Catalyst Chemical Vapor deposition 
(FC-CVD) reactor has been used to produce CNTs on the surface of silver electrodes 
(Figure 3.1). The production of CNTs during this work was conducted in a horizontal 
tubular reactor. The horizontal reactor is a quartz tube of 2.5 cm in diameter and 125 cm 
in length, heat by silicon carbide heating element. Silver electrodes with 2 cm length 1.0 
mm diameter have been placed on a ceramic boat on the front side of the reactor tube. A 
catalyst boat containing 100 mg of ferrocene (FeC10H10 98 % purity) has been placed in 
the first part of the reaction chamber; separated heating element with a thermocouple was 
used in the first 25 cm of the tube at a temperature of 120o
Argon gas is introduced into the reactor for flushing and removing air. After switching 
off the argon gas, the furnace of the first chamber is switched on and the temperature is 
set at 120 
C to evaporate the catalyst, 
which was carried by the inlet gases into the furnace reaction zone where the carbon 
nanotubes were formed. 
°C. The hydrogen gas (purity 99%) was introduced as carrying gas and 
reducing agent, while acetylene (C2H2 99.5% purity) is introduced as a carbon source. 
The reaction time is set to the required value. During cooling process argon gas was 
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purged inside the tube to prevent the oxidation of the CNT, after that the process is 
stopped and the Ag-CNT electrodes were collected.  
Several experiments were performed to study the reaction temperature ranging from 500 
°C to 850 °C, while the hydrogen to hydrocarbon flow rate was also varied from 10-1000 
ml/min for hydrogen and from 25-300 ml/min for hydrocarbon. Other conditions like the 
reaction time and the position of the samples in the tube were also investigated.  
3.1.1 Characterization of Produced Carbon Nanotubes 
The scanning electron microscopy (SEM), model (JEOL JSM 6460LV), was used to 
characterize the morphology of the silver electrodes which were coated with CNT, while 
the structure was characterized using the transmission electron microscopy (TEM), model 
(FEI Tecnai G2
 
), for the selected samples.  
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Figure 3.1 Schematic Diagram of CC-CVD 
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3.2 Differential electrolytic potentiometry (DEP) 
The main requirement for the technique of DEP is the polarization source. An   electronic 
circuit was designed and constructed. This circuit provides a constant current to the two 
electrodes through an adjustable dc source. The positive and the negative terminals of the 
DC source should be able to switch between the two electrodes through an isolated 
switching mechanism. The switching mechanism is comprised of four bidirectional 
switches controlled by a programmable controller which is optically isolated to the DC 
source as well as to the bidirectional switches (Figure 3.2). The programmable controller 
can vary the connection and disconnection time from DC source to the electrodes through 
the bidirectional switches. This result is a floating mark - space generator with a definite 
reversal of voltage at the two electrodes and an adjustable frequency and mark - space 
ratio. 
The circuit shown is a mark - space floating generator. It consists of an adjustable 
constant current source which can supply a DC current from 100 nano Ampere to 100 
micro Ampere.  The output of the constant current source is applied to a set of four 
bidirectional analog switches. A programmable controller controls the four bidirectional 
switches. The control signals to the switches are optically isolated. A separate ground 
connection for the programmable controller ensures that the DC current source remains 
fully isolated from the control mechanism. The DC source output terminals are connected 
to the electrodes. 
The programmable controller provides control signals to the four bidirectional switches 
in such a way that when one of the electrodes is connected to the positive terminal of the 
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DC source the other terminal is connected to the negative terminal of the DC source. At 
any instant only a set of two bidirectional switches are open while the other two are 
closed. This is also applied when the user set frequency at the programmable controller. 
The user can also set the duration for opening and closing of the bidirectional switches to 
adjust the mark - space ratio and it can be measured from output (Figure 3.3). 
A small cell that can accommodate the two electrodes and the tip of a micro 
pipette or a micro injector was designed as shown in (Figure 3.4). Micropipettes 
used to deliver sample volumes.  A micro injector was also designed to deliver 
precise volumes of the titrant at micro liter levels (Figure 3.4). An ac and dc 
currents have been applied to polarize the electrodes. (Figure 3.3) shows that by 
means of Lab. View software the output of an ac or dc can be monitored directly 
from the screen.  
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Figure 3.2 schematic digram of DEP system 
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Figure 3.3 System control Software and readout  
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Figure 3.4 DEP system block diagram 
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3.3 The first design of micro litter injector 
The first design of a precise micro liter injector system was fabricated in the electrical 
engineering department at King Fahd University of Petroleum and Minerals. This injector 
can suck / inject liquids from/to flasks. The volume of the syringe of this injector was 
50.0 µL with a resolution of 0.2 µL. 
The designed injector system consists of three parts as shown in (Figure 1) 
1- Mechanical part 
2- Electrical and electronics part 
3- Software part 
The motor selected was a stepper motor with built in driver and high resolution for 
precise volume injection, this motor is connected to a screw (Figure 3.5) the movement of 
the screw clockwise and counter clockwise allows the syringe to move up and down. 
USB6008 from National Instrument was used to make computer interfacing. A 24V DC 
supplier was designed to supply the required voltage to run the stepper motor. Opto-
Couplers were used to protect the PC from any short circuit that can happen at any time 
in the hardware.   
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      Figure 3.5: Micro liter injector – first design 
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Very simple interactive screen can be displayed for this injector as shown in (Figure 3.6). 
The operator can select the sequence of the operation from the menu and the system will 
inject the required amount. 
With reference to (Figure 3.6), each of the following icons on the display can be used to 
initiate the required step 
Boost: To increase the motor torque 
Enable: To enable the system 
Step Select: To control the step size of the motor 
Suck: To start sucking the liquid 
Inject: To start injecting the liquid  
Initialize: Get rid of the liquid remaining in the syringe  
Exist: Stop the process 
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Figure 3.6: Program main menu of first Micro liter injector design 
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According to the calibration of the first design of micro injector the injector needs 
30seconds to inject and suck a volume of 1 µL of aqueous solution which makes it a very 
precise injector. 
FIA LAB®
 
 software was used to record the potential during each microtitration, and then 
the data could be exported to excel for analysis. 
3.3.1 Oxidation reduction microtitration by first micro liter injector 
 A small cell that can accommodate the two electrodes and the tip of a micro pipette or a 
micro injector was designed as shown in (Figure 3.4). Two platinum wires (0.17 mm 
diameter and 20 mm length) were cleaned properly using aqua regia, rinsed with 
deionized water and then used as an indicating system. Solutions of 0.10M Ce (IV) 
prepared from Ce(NH4)(SO4)4.2H2O (BDH), a solution of 0.10M Fe (II) prepared from 
FeSO4(NH4)2SO4.6H2O 99% (BDH), and 5% sulfuric acid prepared from conc. H2SO4
 
 
(Fisher Scientific). These solutions were prepared using distilled deionized water. 
Micropipettes that deliver volumes of (0.1-2.5µL) and (10-100 µL) levels were employed 
to transfer the sample into the cell. Different parameters have been studied and optimized 
to get a peak that helps to locate the endpoint of microtitration. These parameters include 
volume of the sample volume, its concentration, the supporting electrolyte concentration 
and the type of electrodes used. 
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3.4 Modified design of micro liter injector 
Several modifications have been done on micro liter injector hardware and software; all 
those modifications were made in collaboration with the electrical engineering 
department at King Fahd University of petroleum and minerals. The main objective of the 
modification of the injector is to build an automated system to inject a certain amount of 
a liquid in at a micro liter scale which is faster and more precise than the first one. 
Currently the syringe needle injection motion has been implemented using a linear 
actuator. The linear actuator is a servo motor controlled by a voltage signal (Figure 3.7). 
The voltage signal will be generated from a signal data acquisition (USB-6009) from 
National Instruments (NI). The signal was controlled by a special program; hence, the 
volume injected was precisely controlled. 
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Figure 3.7 System Structure and actual 
implementation of modified injector 
 
 
60 
 
3.4.1 Labview program interface 
Labview software was used to interface the controllable part of the micro injector with 
the DAQ used. A simple controlling program was written to perform the duty of 
controlling injector. (Figure 3.3) shows the interface window. In this window not only the 
injector can be controlled but also it shows that the potential, the current, the frequency, 
the period, and the duty cycle of the ac-current in order to study the current density and 
the mark-space bias of DEP. Furthermore this window can also display the potential 
during the microtitration to store and export it to an excel sheet.    
Notes on micro injector and calibration findings: 
• The scaling factor is the calibration value (1:5000) 
• The Direct Position is a manual direct control of the output value (0:5000) 
• The output value is a voltage signal that will control the motor (0-5Volt) 
• The resolution of the controlled voltage is 0.001 volts 
• It has been found that around (118) point which is equal to 0.118volts is 
equivalent to 1.0µL. 
 
3.5 Ferrous Fe (II) oxidation reduction microtitration 
A small cell that can accommodate the two electrodes and the tip of a micro pipette or the 
needle of the micro injector was designed as shown in (Figure 3.7). Two platinum wires 
(0.17 mm diameter and 20 mm length) were cleaned properly using aqua regia then 
rinsed with deionized water and used as an indicating system. Solutions of 0.10M Ce (IV) 
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prepared from Ce (NH4)(SO4)4.2H2O (BDH).A 0.10M solution of Fe (II) prepared from 
FeSO4(NH4)2SO4.6H2O 99% (BDH). A solution of 5% sulfuric acid was prepared from 
conc. H2SO4 (Fisher Scientific). All the solutions were prepared using distilled deionized 
water. Micropipettes that deliver volumes of (0.1-2.5µL) and (10-100 µL) levels were 
employed to transfer the sample into the cell. Instead of FIA lab® software lab view®
3.6 Microtitremetric assay of Ascorbic acid by differential electrolytic 
potentiometry 
 
software was applied to measure the potential, the current, the frequency, the period, and 
the duty cycle of the ac-current in order to study the current density and mark-space bias 
DEP and to control the modified micro injector as shown in (Figure 3.3) 
The above mentioned setup of Fe (II), the electrodes, the supporting electrolyte and the 
oxidizing agent were used for the microtitration. The analyte is L-ascorbic acid of 0.10 M 
was prepared from L- ascorbic acid 99.7% (BDH). Ac and dc-DEP were applied to locate 
the endpoint of the ascorbic acid microtitration. 
3.6.1 Official method for ascorbic acid assay (British pharmacopeia 2000) 
 Dissolve about 400 mg of Ascorbic Acid, accurately weighed, in a mixture of 100 mL of 
water and 25 mL of 2 N sulfuric acid. Add 3 mL of starch indicator, and titrate at once 
with 0.1 N iodine VS. Each mL of 0.1 N iodine is equivalent to 8.806 mg of C6H8O6
 
. 
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3.7 Precipitation Microtitration of chloride ion by DEP using bare silver 
electrodes and those coated with CNT  
Four silver electrodes were fabricated from a silver wire of 1.0 mm diameter. Two of 
these electrodes were coated with CNT and applied in microtitrimetry. The other two 
electrodes were used in microtitrimetry without treatment.  
A small cell that can accommodate two electrodes and the tip of a micro pipette or a 
micro injector was designed as shown in (Figure 3.4).  The normal silver electrodes and 
those coated with CNT were cleaned properly using 1.0 M HNO3 then rinsed with 
deionized water and used as indicator electrodes. Solutions of AgNO3 0.05 M, NaCl 0.05 
M, KNO3 electrolyte 1.0 M, HNO3
3.8 Microtitration of cyanide by DEP using normal and CNT modified 
Silver electrodes 
 1.0 M for electrode cleaning, all solutions have been 
prepared using deionized water. Ac and dc-DEP were applied for the microtitration of 
chloride with silver nitrate. 
Four silver electrodes were fabricated from a silver wire of 1.0 mm diameter. Two of 
these electrodes were coated with CNT and applied in microtitrimetry. The other two 
electrodes were used in microtitrimetry without treatment.  
The small cell previously described was used as shown in (Figure 3.4).  The normal silver 
electrodes and those coated with CNT were cleaned properly using 1.0 M HNO3 then 
rinsed with deionized water and used as indicator electrodes. Solutions of 0.05 M 
AgNO3, 0.05M KCN, 1.0M KNO3, and 1.0 M HNO3 were prepared using deionized 
water. Ac-DEP was applied to locate the endpoint of titrating cyanide with AgNO3
 
. 
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3.9 Acid – base microtitration of sodium bicarbonate by ac-DEP using 
antimony electrodes and silver electrodes coated with CNT as indicating 
system  
Different concentrations of HCl and NaHCO3 that range from 0.1 to 1.0 M were prepared 
to assay NaHCO3. HCl was prepared from HCl 32% (BDH) using deionized water. 
NaHCO3 has been prepared by dissolving the required amount of NaHCO3 99-101 % 
(Panreac) in deionized water. A solution of 1.0M KNO3
Antimony electrodes were prepared as mentioned in part 3.9.1. Silver electrodes coated 
with CNT were cleaned properly using 1.0 M HNO
 was used as supporting 
electrolyte. 
3
3.9.1 Preparation of antimony electrode  
 then rinsed with deionized water 
and used as indicator electrodes. However antimony electrodes were cleaned only with 
deionized water. 
Antimony electrodes were prepared by a process previously described by Bishop, E., 
[127]. A short length of Pyrex-glass 5-mm tubing drawn out to a 1-mm jet at one end is 
sealed at the other end to a 10-cm length of 11-mm tubing spread to a small funnel at the 
free end. This is clamped upright with the jet just clear of a cold surface, the tube is 
heated, and molten antimony is poured in until it attains a level a few centimeters up the 
wide tubing, care being taken to avoid entrapment of air bubbles, and 10 centimeters 
length tinned copper wire is inserted just before the antimony solidifies. 
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3.9.2 Official method to assay sodium bicarbonate (British 
Pharmacopeia 2000)  
 
Dissolve 1.500 g in 50 ml of carbon dioxide-free water R. Titrate with 1M hydrochloric 
acid, using 0.2 ml of methyl orange solution R as indicator. 1 ml of 1M hydrochloric acid 
is equivalent to 84.0 mg of NaHCO3
 
. 
3.10 Redox microtitrimetry of ketoconazole by ac-DEP using gold 
electrodes and silver electrodes coated with CNT 
Two wires of Gold (0.17 mm diameter and 20 mm length) were cleaned properly using 
aqua regia then rinsed with deionized water and used as an indicating system. A 0.10 M 
Ce (IV) solution was prepared from Ce(NH4)(SO4)4.2H2O (BDH) in 0.5 M H2SO4 . A 
solution of 0.05 M of pure Ketoconazole was prepared in 0.05M H2SO4 , an amount 
equal to 200 mg ketoconazole of Nizoral®  tablets was dissolved in 0.05M H2SO4. A 
solution of 5% sulfuric acid was prepared from conc. H2SO4
Ac-DEP was applied to locate the endpoint of titrating ketoconazole with Ce (IV) using 
both gold and silver electrodes coated with CNT. 
 (Fisher Scientific) and used 
as supporting electrolyte. 
3.11 Non aqueous Acid – base microtitration of ketoconazole by ac-DEP 
using antimony and silver electrodes coated with CNT  
Solutions of 0.05M and 0.04 M of Ketoconazole were prepared by dissolving certain 
amounts in ethyl methyl ketone (2- butanone) (Fluka) then titrated with 0.1M HClO4. A 
solution of 0.1 M HClO4 was prepared by mixing 8.5 ml of 70 to 72% HClO4 (Fluka) 
with 500 ml of glacial acetic acid. A volume of 30 ml of acetic anhydride was added and 
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the solution was dilute to 1000 ml with glacial acetic acid. Electrolyte used is ethyl 
methyl ketone (2- butanone). Antimony and silver electrodes coated with CNT were used 
as indicating systems.  
 
3.11.1 Official method to assay ketoconazole (British Pharmacopeia 
2000)  
 
The official method used was the one recommended by British pharmacopoeia 
monographs which is based on the potentiometric titration of the drug solution in 
anhydrous acetic acid with 0.1 M Perchloric acid. Dissolve 0.200 g in 70 ml of a mixture 
of one volume of anhydrous acetic acid R and seven volumes of methyl ethyl ketone R. 
Titrate with 0.1M perchloric acid, determining the end-point potentiometrically. 1 ml of 
0.1M perchloric acid is equivalent to 26.57 mg of C26H28Cl2N4O4
 
. 
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CHAPTER FOUR 
RESULTS AND DISCUSTION 
Coating silver electrodes with CNT 
For the first time the Floating Catalyst Chemical Vapor deposition (FC-CVD) reactor has 
been used to produce CNTs on the surface of silver electrodes. Different parameters have 
been investigated to optimize the growth of CNT on electrodes surface.  
4.1 Effect of hydrogen to Hydrocarbon ratio on the growth of CNTs on the Silver 
electrode 
Hydrogen to hydrocarbon ratio played a significant role in the formation of carbon 
nanotubes, as being the carrier, reactant gas and the source of the carbon in the floating 
catalyst method. The ferrocene vaporized at 120 °C and reduced to Fe ions in the 
presence of hydrogen and acetylene gases, which in turn aggregate into nanoscaled Fe 
catalyst particles for the growth of the CNTs on the silver electrode. The hydrogen flow 
rate influence the concentration of carbon atoms produced from the cracking of the 
acetylene gas and its absorption on the catalyst particles. In this study, hydrogen flow rate 
was limited in the range of 10 - 1000 ml/min while the acetylene flowrate was varied 
from 10-300 ml/min. The reaction temperature and time were fixed at 700 °C and 15 min. 
respectively. Table 4.1 summarized the ratio of hydrogen to hydrocarbon flowrates have 
studied.   
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Table 4.1 acytlene to hydrogen flow rate ratios (mL\min.) 
C2H2\H
1000 2 500 300 100 75 50 25 10 
300 * * * *   
 
    
200 * * * *         
100 * * * * * * *    
75     * * * * * * 
50     * * * * * * 
25       * * * * * 
10       * * * * * 
*For conditions have been done experementally  
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Figure 4.1 and Figure 4.2 show the effect of hydrogen flow rate on the growth of the 
CNTs on the surface of the silver electrode. The Figure depicts that there is no growth of 
CNTs on the surface of the silver electrode. The hydrogen flow rate does not appear to 
have any significant effect on the growth of CNTs at this condition (10 ml/min); because 
there is no enough amount of hydrogen gas in the reaction chamber to activate the surface 
of iron nanoparticles catalyst which remains as iron carbide nanoparticles. It is clear from 
Figures 4.1 and 4.2; small amounts of carbon nanoparticles were formed due to the 
cracking of acetylene gas at high flowrate. Furthermore, in 10:25 and 10:10 hydrogen to 
acetylene ratio there is no carbon deposition on silver electrode surface as shown in 
(Figure 4.3).
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Figure 4.1: SEM images shows effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2 10:100   
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Figure 4.2: SEM images shows effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2
 
 10:75 mL/min. 
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Figure 4.3: SEM images shows effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2
 
 10:10 mL/min. 
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Increasing the hydrogen flowrate (25 ml/min) increases the formation of solid carbon 
over iron catalyst as shown in (Figures 4.4 - 4.7). From these images it is apparent that 
for the most reactant composition, hydrogen has a significant effect on the carbon 
deposition characteristics. As the hydrogen content of the gas is increased, there is a 
gradual increase in the amount of the solid carbon formed on the Fe catalyst. In order to 
sustain the optimum catalyst carbon deposition activity for the growth of high purity of 
CNTs on the surface of the silver electrode it was necessary to control the flowrates of 
hydrogen and acetylene. The level of hydrogen flow rate was adjusted at 25 ml/min and 
that of acetylene at 75 ml/min throughout the reaction period. For 25:10 hydrogen to 
acetylene ratio there is no carbon deposition on silver electrode surface. 
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Figure 4.4 SEM images show effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2 
 
25:100 mL/min. 
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Figure 4.5 SEM images show effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2 
 
25:75 mL/min. 
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Figure 4.6 SEM images show effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2 
 
25:50 mL/min. 
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Figure 4.7 SEM images show effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2
 
 25:25 mL/min. 
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Many amorphous carbon materials, like lumps of cotton, carbon nanoparticles and carbon 
nanofibers were observed at higher hydrogen flow rates (50 ml/min) as shown in (Figures 
4.8 – 4.11). The amount of amorphous carbon materials increases by increasing the 
hydrogen flow rate as shown in these images. Low purity of CNTs was produce under 
this condition. Going to higher hydrogen flowrates 100-1000 mL/min produce only 
amorphous carbon materials with several acetylene flowrates. 
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Figure 4.8: SEM images shows effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2
 
 50:100 mL/min. 
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Figure 4.9: SEM images shows effect of hydrogen to acetylene ratio on CNT loading on 
silver electrode H2:C2H2 50:75 mL/min. 
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Figure 4.10: SEM images shows effect of hydrogen to acetylene ratio on CNT loading 
on silver electrode H2:C2H2
 
 50:50 mL/min. 
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Figure 4.11: SEM images shows effect of hydrogen to acetylene ratio on CNT loading 
on silver electrode H2:C2H2
 
 50:25 mL/min. 
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4.2 Effect of the reaction temperature on the growth of CNTs on the surface of the 
silver electrode 
To obtain a yield of high purity, the effect of the reaction temperature (RT) was 
investigated and optimized. In all of the experiments, different structures of carbon 
nanostructure materials were observed: amorphous carbon layers, nanoparticles and 
carbon nanotube. (Figures 4.12 - 4.17) show the SEM images of carbon nanomaterial 
produced at different temperature ranging from 600 °C -850 °C after a reaction time of 15 
minutes reaction at a hydrogen flow rate of 25 ml/min and acetylene flowrate of 75 
ml/min. SEM examination reveals that CNTs cannot grow below 600 °C or above 850 
°C; it is formed between 600 °C and 850 °C with different structures. From 600 -750 °C 
only CNTs were observed with most of the materials deposited being carbonaceous 
products as shown in (Figures 4.12 – 4.15). At 800 °C, a lot of amorphous carbon mixed 
with varying quantity of fine nanotubes was observed (Figure 4.16). Increasing the 
temperature at 850 °C has resulted in many carbon fibers as can be seen from (Figure 
4.17).  
 
 
 
83 
 
  
Figure 4.12 SEM images show effect of reactor temperature on CNT loading on silver 
electrode 600°C (H2 25:75 C2H2
 
 ) time 15 min. 
84 
 
  
Figure 4.13 SEM images show effect of reactor temperature on CNT loading on silver 
electrode 650°C (H2 25:75 C2H2
 
 ) time 15 min. 
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Figure 4.14 SEM images show effect of reactor temperature on CNT loading on silver 
electrode 700°C (H2 25:75 C2H2
 
 ) time 15 min. 
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Figure 4.15 SEM images show effect of reactor temperature on CNT loading on silver 
electrode 750°C (H2 25:75 C2H2
 
 ) time 15 min. 
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Figure 4.16 SEM images show effect of reactor temperature on CNT loading on silver 
electrode 800°C (H2 25:75 C2H2
 
 ) time 15 min. 
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Figure 4.17 SEM images show effect of reactor temperature on CNT loading on silver 
electrode 850°C (H2 25:75 C2H2
 
 ) time 15 min. 
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4.3 Effect of reaction time on the growth of CNTs on the surface of 
CNTs  
The reaction time is one of the major parameters for the growth of CNTs on the surface 
of silver electrode. As shown in the SEM images (Figure 4.18- 4.23) no growth was 
observed at short reaction time of (10 min.). However increasing the reaction time to 15 
min. gives enough time for the completion of the formation of the growth of the CNTs. 
Using a reaction time more than 15 min. produces much amorphous carbon and reduces 
the purity of the CNTs.  
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Figure 4.18 SEM images show effect of deposition time on CNT loading on silver 
electrode 10 minutes (H2 25:75 C2H2
 
) temperature 700°C. 
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Figure 4.19 SEM images show effect of deposition time on CNT loading on silver 
electrode 15 minutes (H2 25:75 C2H2
 
) temperature 700°C. 
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Figure 4.20 SEM images show effect of deposition time on CNT loading on silver 
electrode 30 minutes (H2 25:75 C2H2
 
) temperature 700°C. 
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Figure 4.21 SEM images show effect of deposition time on CNT loading on silver 
electrode 60 minutes (H2 25:75 C2H2
 
) temperature 700°C. 
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Figure 4.22 SEM images show effect of deposition time on CNT loading on silver 
electrode 90 minutes (H2 25:75 C2H2
   
) temperature 700°C. 
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Figure 4.23 SEM images show effect of deposition time on CNT loading on silver 
electrode 120 minutes (H2 25:75 C2H2
 
) temperature 700°C. 
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4.4 Effect of sample position in the reactor:  
The effect of the position of the sample inside the reactor was changed from front to 
back and then to middle positions. It has been found that CNT grow only when the 
sample is placed at the first 10 cm of the front side of reactor. 
4.5 TEM images of CNTs 
TEM was carried out to characterize the structure of nanotubes, grown at conditions of 
700 °
 
C, 25 ml/min of hydrogen flow rate, 75 ml/min of acetylene flow rate and reaction 
time of 15 min. To prepare TEM samples, some alcohol was dropped on the nanotubes 
film, then, those films were transferred with a pair of tweezers to a carbon-coated copper 
grid. The TEM images of nanotubes are presented in (Figures 4.24 - 4.26). It is obvious, 
from the images that all the nanotubes are hollow and tubular in shape. In some of the 
images, catalyst particles can be seen inside the nanotubes.   The image in Figure 8 shows 
that the number of nanotubes are very small and their diameter ranged from 10 -30 nm. It 
can therefore be concluded that high purity, uniform diameter distribution with no 
deformity in the structure was observed in TEM images when the hydrogen flow rate was 
25 ml/min. It was also observed that the shape of the catalyst, which served as a seed 
during the production process, is important because the produced CNTs assumed to 
follow the shape of the catalyst. This fact is very obvious in the TEM images where we 
can see some nanotubes that follow the shape of the catalyst. 
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Figure 4.24 TEM image of CNT which has been grow on silver wire by CVD  
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Figure 4.25 TEM image of CNT which has been grow on silver wire by CVD  
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Figure 4.26 TEM image of CNT which has been grow on silver wire by CVD  
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4.6 Stability of CNT on silver electrode surface 
SEM images have been done to silver electrode coated with CNT after using this 
electrode in DEP microtitration. Ag-CNT electrode has been used for more than 30 
aqueous titrations including stirring and 30 non - aqueous microtitrations. (Figure 4.27) 
shows that electrode still coated with CNTs after all this titrations. 
 
 
Figure 4.27 SEM image of silver electrode coated with CNT after using it in several DEP 
microtitrations. 
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CHAPTER FIVE 
RESULTS AND DISCUSTION 
Microtitrimetry by Deferential Electrolytic Potentiometry 
5.1 microtitrimetry by DEP using First design of micro liter injector 
Calibration has been done for the first design of micro liter injector to study the time 
required to inject or suck a certain volume of liquid. According to the results of 
calibration, it has been found that one micro liter of liquid takes 30 seconds to be injected 
or sucked, this time considered to be long, however it is accurate and parts of micro liter 
could be dispensed using this injector. Furthermore FIALAB®
5.1.1 Oxidation - reduction microtitration of Fe (II) using DC-DEP  
 software records 50 
potential readings per second, which considered being very sensitive to any change in 
potential. 
Oxidation – reduction microtitration of 0.1 M Fe (II) versus a standard solution of 0.1 M 
Ce (IV) has been studied using first design of micro liter injector, where the 
stiochiometry is one to one according to the equation 5.1. A dc current of 10 µA was 
applied and the end point of 10 µL Fe (II) sample was located by means of platinum 
electrodes. According to calibration results it took 300 seconds to dispense a volume of 
10 µL of Ce which is the amount required to reach the endpoint, but no change in the 
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potential between electrodes was detected and the endpoint could not be located as can be 
seen from (Figure 5.1). 
Ce (IV) + Fe (II)               Ce (III) + Fe (III)      (Equation 5.1) 
The same microtitration conditions were applied for the titration of 20 µL sample of Fe 
(II) however the endpoint was located after 250 seconds which is equivalent to 8 µL 
(Figure 5.2). 
The current was decreased to 1.0 µA for the titration of 1.0 µL Fe (II) as shown in 
(Figure 5.3), but a signal was noted at 2.0 µL. the supporting electrolyte concentration 
was changed but without a significant modification. 
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Figure 5.1: Ce (IV) 0.1 M vs. Fe (II) 0.1 M 10 µL, 10 µA DC-DEP 
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Figure 5.2: Ce (IV) 0.1 M vs. Fe (II) 0.1 M 20 µL, 10 µA DC-DEP 
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Figure 5.3 Ce (IV) 0.1 M vs. Fe (II) 0.1 M 2.0 µL, 1.0 µA DC-DEP 
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5.1.2 Precipitation microtitration of Chloride ion using DC-DEP 
A precipitation microtitration of a 0.05 M Cl- versus standard 0.05 M Ag + was studied 
using the first design of micro liter injector. The stiochiometry of the reaction is one to 
one according to equation 5.2. A 10 µA dc-DEP was applied to locate the end point of 10 
µL Cl-
AgNO
 sample using silver electrodes.  
3 + NaCl              AgCl + NaNO3
According to (Figure 5.4 and 5.5) this system was failed to locate an accurate endpoint 
for the precipitation microtitration. Several parameters have been changed like electrolyte 
type and concentration, electrode type and analyte concentration but all of them didn’t 
give any significant modification to the microtitration. The reason for this observed 
behavior is equilibrium between the analyte and the titrant due to the slow dispense of 
titrant from the syringe which in turn affects the endpoint location.     
      (Equation 5.2) 
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Figure 5.4: Ag+ 0.05 M vs. Cl-
 
 0.05 M 10.0 µL, 10 µA DC-DEP 
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Figure 5.5: Ag+ 0.05 M vs. Cl-
 
 0.05 M 20.0 µL, 10 µA DC-DEP 
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5.2 microtitrimetry by DEP using modified design of micro liter injector 
The first design of micro injector was not precise in delivering volumes therefore 
inaccurate endpoints were observed. A modified micro injector was designed and 
fabricated. According to the calibration of this injector a 1µL is equivalent to 118 milli 
volts. 
Time required to dispense 10 µL is less than 1 second which is faster than the first 
design. The former software was also replaced by Labview®
 
 software. This software 
enables the control of micro injector, the current and the potential readout through 
provided window.     
5.3 Microtitrimetry of Ferrous Fe (II) using Differential Electrolytic 
Potentiometry  
In dc-DEP the effect of changing the dc current on the resulting differential curve was 
studied. A volume of 10 µL of 0.1M Fe (II) was titrated with 0.1M Ce (IV) solution.  
Different values of the dc current densities were applied to polarize the electrodes. The 
resulting differential curves are shown in (Figure 5.6). It is obvious from this Figure that 
by employing higher current densities, the resulting peaks become broad and cannot be 
used for the location of the end point. However, when lower values of current densities 
were employed, the differential curves become normal and the end points can be easily 
located from such curves which were obtained at a current density of 17.3µA cm-2. To 
investigate the accuracy and the precision of this microtitremetric method, a volume of 10 
µL of 0.1 M Fe (II) solution was titrated with 0.10 M Ce (IV). This titration was repeated 
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five times by using an optimum current density of 17.3 µA cm-2
 
. The results obtained are 
shown in (Table 5.1) and a standard deviation of 0.01142 was calculated from the five 
determinations. The effect of the sample volume on the resulting differential curve was 
also investigated.  (Figure 5.7) shows the differential curves obtained from the titration of 
samples of 2 µL and 5 µL of Fe (II). It is clear that the end points can be easily located 
even for a sample volume of 2 µL of Fe (II) solution.   
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Figure 5.6 Titration of 10µL Fe (II) vs. Ce (IV) (0.1M) at current densities of 17.3, 34.5 
and 69.0 µAcm
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Figure 5.7 Titration of samples of 2.0 µL and 5.0 µL of Fe(II) vs.Ce(IV)(0.1M) at a 
current density of 17.3 µAcm-2
 
. 
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different percentage biases.  Figure (5.8) shows the resulting differential curves where 
the potential changes per volume of Ce (IV) added were recorded and used to plot the 
differential curves.  
Several trials have been carried out at the percentage bias of 20 in order to investigate 
the reproducibility and accuracy of this method in locating the end-point as can be seen 
from (Table 5.1) A standard deviation of 0.00418 was obtained which means a high 
precision. Furthermore, the effect of the volume of the sample was also investigated.  
The resulting differential curves which are depicted in (Figure 5.9) can be used to 
locate the end points even for a sample of a volume of 1.0 µL. (Table 5.1) shows that 
the results obtained by ac-DEP are more accurate and precise compared to those 
obtained by dc-DEP.    
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Figure 5.8 Titration of 10 µL Fe(II) of 0.1M vs. Ce(IV) of 0.1M at different mark-space 
percentage biases : 4%, 20%, 67% and 85%. 
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Figure 5.9 Titration of 1.0 µL, 2.0 µL and 5.0 µL of Fe (II) of 0.1M) vs. Ce (IV) (0.1M) 
at a mark-space percentage bias of 20%. 
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Table 5.1 precession and accuracy of Fe (II) microtitration by DEP (n=5) 
Method Fe(II) sample (µ mole) Recovery % RSD % 
ac-DEP 1.00 101% 4.14% 
dc-DEP 1.00 104% 7.90% 
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5.4 Microtitremetric Assay of Ascorbic Acid by Differential Electrolytic 
Potentiometry 
Ascorbic acid reacts with standard Ce (IV) according to the following (equation 5.3) 
2 Ce (IV) +C6H8O6                2 Ce (III) + C6H6O6 +2H+
The optimum conditions of dc and ac-DEP employed in the redox titration for Fe (II) 
have been applied to locate the end point of titrating ascorbic acid vs. Ce (IV). (Figure 
5.10) shows the results of five replicates of dc-DEP and it is clear that the end point of 
5μL of 0.1M ascorbic acid sample. (Figure 5.11) shows the smallest possible sample 
volume according to the sensitivity which is 2 µL. (Figure 5.12) shows the endpoint of 
five replicates of ac-DEP of 5μL ascorbic acid sample. (Figure 5.13) shows the resulting 
differential curves from which the end points can be easily located even for a sample 
volume of 2.5µL. 
     (Equation 5.3) 
(Table 5.2) shows the comparison between standard method of assay of ascorbic acid 
according to British pharmacopeia which based on Redox titration vs. Iodine and DEP 
microtitration method. 
In the standard method an amount of 150 mg of a sample is used in every trial, but in 
DEP microtitration an amount that is less than 0.1mg of the sample was enough for 
performing a successful titration. Furthermore (Table 5.2) shows that DEP microtitration 
is reliable and precise compared to the standard method. 
Ac and dc-DEP microtitrations were applied to titrate products of two pharmaceutical 
companies, the precision and the accuracy of determining Redoxon ® and Cal-C-Vita® 
ascorbic acid were studied and compared with the standard method. According to the 
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results in (Table 5.2) both ac and dc – DEP are considered to be precise and accurate 
compared to the official method. 
 
 
 
 
 
 
Figure 5.10: Ce (IV) vs. (5µL) Ascorbic Acid (std.) (0.1M) (DC 0.174A/m2) 
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Figure :5.11 Ce (IV) vs. (2.0µL) Ascorbic Acid (std.) (0.1M) (DC 0.174A/m2
 
) 
 
 
 
 
 
 
 
 
 
 
 
1260 
1280 
1300 
1320 
1340 
1360 
1380 
1400 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 
po
te
nt
ia
l d
iff
er
en
ce
 Δ
E 
(m
V)
 
Ce(IV)µL 
120 
 
 
 
 
 
Figure: 5.12 Ce (IV) vs. (5µL) Ascorbic Acid (std.) (0.1M) (AC 30% bias) 
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Figure 5.13 Ce (IV) vs. (2.5µL) Ascorbic Acid (std.) (0.1M) (Ac bias 30%)  
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Table 5.2 precession and accuracy comparison between standard and DEP methods for 
ascorbic acid analysis (n=5) 
method Sample Sample 
mass  (mg) 
Recovery % RSD % ST.DEV. 
Official method Std. Ascorbic 
acid 
150.0 100.5 1.48 1.628 
AC-DEP Std. Ascorbic 
acid 
0.088 99.8 5.53 0.004 
DC-DEP Std. Ascorbic 
acid 
0.088 98.0 4.56 0.005 
Official method REDOXON® 150.0 99.1 1.53 2.222 
AC-DEP REDOXON® 0.088 100.5 4.14 0.004 
DC-DEP REDOXON® 0.088 101.0 4.80 0.005 
Official method Cal-C-vita® 150.0 99.6 0.67 1.000 
AC-DEP Cal-C-vita® 0.088 101.0 3.99 0.004 
DC-DEP Cal-C-vita® 0.088 100.5 4.76 0.005 
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5.5 Microtitration of chloride by ac-DEP  
Ac-DEP was used to locate the end point of a precipetation microtitration of chloride 
versus silver nitrate standard solution according to (equation 5.2) 
AgNO3(aq) + NaCl(aq)                          AgCl(s) + NaNO3(aq)  
To locate the endpoint, mark-space bias DEP was studied (Figure 5.14), smaller mark – 
space bias values give clear endpoint compared to higher ones. 
(equation 5.2) 
The precision of the method was studied. (Figure 5.15) shows the results of five 
replicates where the accuracy and precision of the method are indicated in (Table 5.3).  
Figure 5.16 and 5.17 show the sensitivity of the applied mark – space bias DEP method 
where a sharp peak was obtained for 10µL chloride sample, however, a broad peak was 
obtained for a 1.0 µL sample which is the smallest volume can be titrated. 
For silver electrodes coated with CNT the first derivative of the potential is required to 
locate the endpoint of the titration. The modified silver electrodes give sharper peaks 
compared to bare electrodes as can be seen in (Figure 5.18 and 5.19). Furthermore 
(Figure 5.18) shows that the precision of the method is almost the same as the bare 
electrodes, (Table 5.3) shows the relative standard deviations. (Figure 5.19) shows that 
the coated electrodes have increased the sensitivity of the method and sharp peaks have 
resulted, even for a sample of 2.0 µL of chloride.  
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Figure 5.14: Ag+ vs.  Cl- 
 
(0.05M) 10µL ac-DEP bare Ag electrode bias study 
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Figure 5.15: Ag+ vs.  Cl- 
 
(0.05M) 20µL ac-DEP (14% bias) bare Ag electrode 
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Figure 5.16: Ag+ vs.  Cl- 
 
(0.05M) 10µL ac-DEP (14% bias) bare silver electrode  
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Figure 5.17: Ag+ vs.  Cl- 
 
(0.05M) 1.0µL ac-DEP (14% bias) bare Ag electrode 
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Figure 5.18: Ag+ vs.  Cl- 
 
(0.05M) 20µL ac-DEP (5% bias) CNT- Ag electrode 
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Figure 5.19 Ag+ vs.  Cl- 
 
(0.05M) 2µL ac-DEP (5% bias) CNT- Ag electrode  
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Table 5.3 Accuracy and precision of chloride sample microtitration by ac-DEP (n=5)  
electrode Sample mass (µg)  Recovery % RSD % STD.DEV. 
Bare Silver 58.5 108 4.44 0.003 
Ag-CNT 58.5 106 5.27 0.003 
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5.6 Microtitration of cyanide by ac-DEP 
Cyanide reacts with silver nitrate by a complexation reaction according to the following 
equation: 
AgNO3(aq) + 2KCN(aq)                         [ Ag(CN)2(s)]- + KNO3(aq)  
Ac-DEP was used in this microtitration with a mark-space bias of 5%, for bare silver 
electrodes and RSD value of 8.4% (n=3) which is good in case of 10µL sample. (Figure 
5.20) shows a good precision of the method. (Figure 5.21) shows a broad peak resulted 
from bare silver electrodes. The smallest sample volume is 4 µL 0.05M as the broad peak 
shows in. (Figure 5.22) shows the broad peak obtained by titrating a volume of 4 µL of 
CN
(equation 5.3) 
-
 
. 
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Figure 5.20: CN- vs. Ag+ 
 
(0.05M) 10µL ac-DEP (5% bias) bare Ag electrode 
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Figure 5.21: CN- vs. Ag+
 
(0.05M) 10µL ac-DEP (5% bias) bare Ag electrode  
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Figure 5.22: CN- vs. Ag+
 
(0.05M) 4µL ac-DEP (5% bias) bare Ag electrode 
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Significant improvement has been achieved by using Ag-CNT electrodes as shown in 
(Figures 5.23, 5.24 and 5.25). The resulting titrations curves are in the form of sharper 
peaks compare to bare electrode. Accordingly, smaller sample volumes can be titrated.  
(Figure 5.26) shows that the sample volume of 1.2µL of 0.05M of CN-
Table 5.4 shows a comparison between bare silver electrodes and silver electrodes coated 
with CNT. It is clear that the silver electrodes coated with CNT give better accuracy and 
precision. 
 can be titrated 
using Ag-CNT electrodes.  
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Figure 5.23 Ag + vs. CN-
 
 (0.05M) 5 µL ac-DEP (5% bias) Ag-CNT  
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Figure 5.24 : CN- vs. Ag+
 
(0.05M) 20µL ac-DEP (5% bias)CNT-Ag electrode 
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Figure 5.25: CN- vs. Ag+
 
(0.05M) 10µL ac-DEP (5% bias) CNT- Ag electrode  
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Figure 5.26: CN- vs. Ag+
 
(0.05M) 1.2µL ac-DEP (5% bias) CNT- Ag electrode  
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Table 5.4 Accuracy and precision of cyanide sample microtitration by ac-DEP (n=3) 
electrode Sample mass (µg)  Recovery % RSD % STD.DEV. 
Silver 32.6 106.6 8.41 0.005 
Ag-CNT 16.3 103.3 5.58 0.006 
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5.7 Sodium Bicarbonate analysis by ac-DEP using antimony and Silver electrodes 
coated with CNT  
Acid – base microtitration of NaHCO3 versus 
NaHCO
standard HCl is one to one molar ratio 
according to (Equation 5.4) 
3 (aq) + HCl (aq)                  NaCl (aq) + CO2 (g) +H2O (l)
According to the results of experimental trials first derivative of the potential required to 
locate the endpoint of titration using antimony electrode. Different mark –space bias 
values have been studied. (Figure 5.27) shows that lower mark – space bias values are 
more sensitive and give sharper peaks compared to higher values. 
 (Equation 5.4) 
Different NaHCO3 sample volumes have been applied; which give sharp peaks and 
accurate endpoints are shown in (Figures 5.28 -5.30). (Figure 5.31) shows the smallest 
sample volume that could be titrated using this system where a volume of 2.5 µL of 0.8M 
NaHCO3
Silver electrodes coated with CNT were used to study microtitration of NaHCO
 was titrated. Five replicates of titration using ac-DEP and antimony electrodes 
were performed to study the accuracy and the precession of the method; (Figure 5.32) 
shows peaks of the five replicates and (Table 5.5) summarizes the results obtained. 
3 with 
HCl using ac-DEP; five replicates of titration using 10 µL of 0.5M NaHCO3 sample were 
investigated to study accuracy and precession of the method (Figure 5.33). Different 
NaHCO3 sample volumes were performed, Ag-CNT electrodes used in ac-DEP give 
sharp endpoint peaks as shown in (Figures 5.33 -4.34). (Figure 5.35) shows the smallest 
sample volume could be analyzed by this system, 1.0 µL of 1.0M NaHCO3 which is 
smaller than that could be analyzed using antimony electrode. 
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Figure 5.27: Mark-space bias study of HCl (0.7M) vs. NaHCO3
 
 (0.6M) 10µL (Antimony 
electrode) ac-DEP  
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Figure 5.28: HCl (1.0M) vs. NaHCO3 (0.8M) 20µL (Antimony electrode) ac-DEP 5% 
bias
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Figure 5.29: HCl (0.7M) vs. NaHCO3 (0.6M) 10µL (Antimony electrode) ac-DEP 5% 
bias
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Figure 5.30: HCl (0.5M) vs. NaHCO3 (0.5M) 4µL (Antimony electrode) ac-DEP 5% 
bias
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Figure 5.31: HCl (1.0M) vs. NaHCO3 (0.8M) 2.5µL (Antimony electrode) ac-DEP 5% 
bias
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Figure 5.32: RSD study of HCl (1.0M) vs. NaHCO3 (0.6M) 10µL (Antimony electrode) 
ac-DEP 5% bias
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Figure 5.33: HCl (1.0M) vs. NaHCO3
 
 (0.5M) 20µL (Ag-CNT electrode) ac-DEP 5% 
bias 
 
 
 
 
 
 
 
-10 
0 
10 
20 
30 
40 
50 
60 
70 
0 2 4 6 8 10 12 14 16 
dE
/d
V 
(m
V)
 
HCl µL 
trial 1 
trial 2 
trial 3 
trial 4 
trial 5 
149 
 
 
 
 
 
 
Figure 5.34: HCl (1.0M) vs. NaHCO3 (1.0M) 2.0 µL (Ag-CNT electrode) ac-DEP 5% 
bias
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Figure 5.35: HCl (1.0M) vs. NaHCO3 (1.0M) 1.0 µL (Ag-CNT electrode) ac-DEP 5% 
bias
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(Table 5.5) shows that the standard method is significantly more accurate and precise 
compared to ac-DEP method. But on other hand table shows the big difference in sample 
mass used for analysis between standard method and ac-DEP method, which reach to 
more than 2000 fold. Furthermore, (Table 5.5) shows the big in difference standard 
deviation between two methods; (Table 5.5) also shows that using Ag-CNT electrodes in 
ac-DEP analysis gives more accurate and precise results compared to antimony 
electrodes. 
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Table 5.5 Accuracy and precession of NaHCO3
Method 
 analysis 
Sample mass (mg) Recovery % RSD % ST.DEV 
Official Method* 1500 99.3 0.599 15 
AC-DEP (Antimony 
electrode) 
0.504 103.3 7.213 0.036 
AC-DEP ( Ag- CNT 
electrode) 
0.841 99.0 5.532 0.046 
*Assay of Sodium Bicarbonate (British Pharmacopeia 2000)  
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5.8 Microtitration of Ketoconazole by ac-DEP in aqueous and non-
aqueous medium 
5.8.1 Aqueous microtitration of ketoconazole  
Gold electrodes were used in oxidation - reduction microtitration of Ketoconazole 
standard, according to previous studies (43). Ce (IV) reacts with Ketoconazole 
stiochiometrically as shown in (equation 5.5). But according to the experimental results 
of titration shown in (Figure 5.36) for five replicates, this figure shows that the 
stoichiometric ratio in the reaction between Ce (IV) and Ketoconazole is four to one. It is 
assumed that the ratio may come from acidic solvent of ketoconazole and acidic 
supporting electrolyte (0.5M H2SO4
Different sample volumes were studied by ac-DEP using gold electrodes (Figure 5.37, 
5.38); both figures show the same redox endpoint peaks shape and the same 
stoichiometric ratio between Ce (IV) and ketoconazole. 
) used in titration. But even the concentration of 
acids used in ketoconazole solvent and supporting electrolyte were decreased, the 
stoichiometric ratio of the titration reaction remain the same.  
KC + 2 Ce (IV)                    KC2+
Commercially available ketoconazole Nizoral 
 + 2Ce (III)    (Equation 5.5) 
®
For silver electrodes coated with CNT two peaks formed for the first derivative of ac-
DEP microtitration of ketoconazole with Ce (IV), the first peak at one to one 
 200 mg tablets have been grinded and 
dissolved in acidified water then titrated versus Ce (IV).  (Figure 5.39) shows endpoints 
of five replicates to study method accuracy and precession of this kind of samples.  
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stoichiometric ratio and the second at three to one stoichiometric ratio as shown in 
(Figure 5.40). 
For smaller sample volume 2.0µL 0.05M ketoconazole three peaks formed for 
microtitration as shown in (Figure 5.41) 
Five replicates of 5.0µL of 0.04M of commercially available ketoconazole Nizoral®
 
 
sample, show almost the same peak shape of standard ketoconazole (Figure 5.42), it give 
a good accuracy and precision compared to official method analysis of the method 
shown in (table 5.6) 
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Figure 5.36: Ce (IV) 0.1M vs. standard Ketoconazole 0.05M 4.0µL Gold electrode ac -
DEP 5% bias 
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Figure 5.37: Ce (IV) 0.1M vs. Ketoconazole 0.05M 2.0µL Gold electrode ac-DEP 5% 
bias 
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Figure 5.38: Ce (IV) 0.1M vs. Ketoconazole 0.05M 10µL Gold electrode ac-DEP 5% 
bias 
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Figure 5.39: Ce (IV) 0.1M vs. Ketoconazole (Nizoral ® tablets 200 mg) 0.04M 5.0µL 
Gold electrode ac-DEP 5% bias 
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Figure 5.40: Ce (IV) 0.1M vs. standard Ketoconazole (0.05M) 4.0µL ac-DEP 5% bias 
(Ag-CNT electrode)  
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Figure 5.41: Ce (IV) 0.1M vs. standard Ketoconazole (0.05M) 2.0µL ac-DEP 5% bias 
(Ag-CNT electrode) 
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Figure 5.42: Ce (IV) 0.1M vs. Ketoconazole (Nizoral ®
 
 tablets) 0.04M 5.0µL Ag-CNT 
electrode ac-DEP 5% bias 
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5.8.2 Non-Aqueous microtitration  
Perchloric acid (HClO4) has been used as a titrant in acid – base non aqueous 
microtitration of ketoconazole by ac-DEP. According to official method stoichiometric 
reaction ratio between HClO4
(Figure 5.43) shows five replicates of ketoconazole microtitration by ac-DEP using 
antimony electrodes; this figure shows a good repeatability of the method. Different 
sample volumes of 0.01M ketoconazole were studied (Figure 5.44 – 5.46). Microtitration 
endpoint peaks become smaller and broader when smaller sample volume of 5.0µL was 
conducted as shown in (Figure 5.47). 
 and ketoconazole is two to one.  
Five replicates of 5.0µL 0.01M Nizoral®
Ag-CNT electrodes show almost the same endpoint peak shape of antimony electrodes 
(Figure 4.48). Different sample volumes were studied (Figure 5.49, 5.50), the later shows 
the peak of the smallest sample volume studied using this electrode of 5.0µL of 0.01M 
ketoconazole sample. (Figure 5.51) shows the application of Ag-CNT electrodes to 
endpoint of 0.01M of Nizoral
 200 mg have been studied using previously 
mentioned conditions of standard ketoconazole (Figure 5.48).  
®
   
 200 mg sample by ac-DEP. 
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Figure 5.43: HClO4 (0.1M) vs. standard Ketoconazole 25µL 0.01M (Non -aqueous) ac -
DEP 5 % bias Antimony electrode
 
  
 
 
 
 
 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
0 1 2 3 4 5 6 7 8 9 10 
dE
/d
V 
(m
V)
 
 
HClO4 0.1M (µL) 
Series1 
Series2 
Series4 
Series5 
Series3 
164 
 
 
 
 
 
 
Figure 5.44: HClO4 (0.1M) vs. standard Ketoconazole 50µL 0.01M (Non -aqueous) ac -
DEP 5 % bias Antimony electrode
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Figure 5.45: HClO4 (0.1M) vs. standard Ketoconazole 10µL 0.01M (Non -aqueous) ac -
DEP 5 % bias Antimony electrode
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Figure 5.46: HClO4 (0.1M) vs. standard Ketoconazole 5.0µL 0.01M (Non -aqueous) ac -
DEP 5 % bias Antimony electrode
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Figure 5.47: HClO4 (0.1M) vs. Ketoconazole 30µL Nizoral® 0.01M (Non - aqueous) ac-
DEP 5 % bias Antimony electrode
 
  
 
 
 
 
 
5 
10 
15 
20 
25 
30 
35 
40 
0 2 4 6 8 10 12 
dE
/d
V
 (m
V
) 
HClO4 0.1M (µL) 
trial1 
trial2 
trial3 
trial4 
trial5 
168 
 
 
 
 
 
 
Figure 5.48: HClO4 (0.1M) vs. standard Ketoconazole 20µL 0.01M (Non - aqueous) ac-
DEP 5 % bias Ag-CNT electrode
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Figure 5.49: HClO4 (0.1M) vs. standard Ketoconazole 40µL 0.01M (Non - aqueous) ac-
DEP 5 % bias Ag-CNT electrode
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Figure 5.50: HClO4 (0.1M) vs. standard Ketoconazole 5µL 0.01M (Non - aqueous) ac -
DEP 5 % bias Ag-CNT electrode
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Figure 5.51: HClO4 (0.1M) vs. Ketoconazole 30µL Nizoral® 0.01M (Non - aqueous) ac-
DEP 5 % bias Ag-CNT electrode
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Table 5.6 summarizes a comparison in accuracy and precesion between different methods 
at different medium for ketoconazole assay, a big difference in sample mass reach a 
thousand fold between official method and the ac-DEP method, even there is a big 
difference in sample mass but the recovery and RSD values show that no significant 
difference in accuracy and precession between them. 
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Table 5.6 comparison in accuracy and precession for ketoconazole analysis 
by ac-DEP in aqueous and non – aqueous medium 
method Sample Sample 
mass (mg) 
Recovery RSD Standard 
deviation 
Official 
method* 
Standard 
ketoconazole 
100 99.1% 2.04 2.021 
ac-DEP 
aqueous gold 
electrode  
Standard 
ketoconazole 
0.106 101.5% 1.61 0.002 
ac-DEP 
aqueous Ag-
CNT electrode 
Standard 
ketoconazole 
0.106 99.8% 4.99 0.005 
Official 
method* 
Nizoral® 
tablets 
100 99.2% 1.48 1.461 
ac-DEP 
aqueous gold 
electrode 
Nizoral® 
tablets 
0.106 101% 5.16 0.006 
ac-DEP 
aqueous Ag-
CNT electrode 
Nizoral® 
tablets 
0.106 99.5% 2.75 0.003 
ac-DEP non-
aqueous 
Antimony 
electrode 
Standard 
ketoconazole 
0.133 99.2% 1.80 0.0025 
ac-DEP non-
aqueous 
Antimony 
electrode 
Nizoral® 
tablets 
0.159 98.0% 2.80 0.004 
ac-DEP non-
aqueous Ag-
CNT electrode 
Standard 
ketoconazole 
0.106 101% 1.36 0.001 
ac-DEP non-
aqueous Ag-
CNT electrode 
Nizoral® 
tablets 
0.159 99.7% 4.64 0.007 
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